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ABSTRACT 
Abstract of thesis entitled: 
Stroke is one of the leading causes of mortality and morbidity in the world. 
Among Asian countries, stroke killed 2.1 million people in 1990. Previous 
studies have confirmed that there is more intracranial occlusive cerebrovascular 
disease in Asian than in the whites. The aim of this study is to investigate the 
prevalence and determinants of intracranial large artery stenosis among the 
asymptomatic subjects. 
Two separately studies were conducted, one in Hong Kong targeted to the high-
risk patients with vascular risk factor for atherosclerosis who attended the out-
patients medical clinic of either the Prince of Wales Hospital or the United 
Christian Hospital during March 1993 to November 1999 without experienced 
previous cerebrovascular disease. And the other study was performed in Liang 
Bei Village, Yuzhou, a rural area of China in 1999 on the mid- and old-aged 
residents. Both studies used transcranial Doppler examination for assessing the 
hemodynamics changes. Middle cerebral artery was the only investigated vessel 
in Hong Kong while the entire intracranial arteries were studied in Yuzhou. 
Prevalence rates of intracranial arterial stenosis were 12.6% in the clinic-based 
Hong Kong study and 6.9% in the population-based rural Chinese study. In the 
Hong Kong study, risk factors were elderly (adjusted odds ratio 1.90; 95% 
confidence interval [1.27, 2.84])，hyperlipidemia (1.72; [1.28，2.33]), 
hypertension (2.20; [1.65, 2.92]), diabetes (1.54; [1.02,2.32]) and ischemic heart 
disease (1.78; [1.01, 3.13]) while body mass index was marginally inversely 
associated especially in the third quartile (0.69; [0.49，0.98]) and the highest 
quartile (0.65; [0.45, 0.92]). Likewise in the rural village of mainland China, 
hypertension (2.53; [1.12，5.72]), diabetes (3.08; [1.19, 7.97])，heart disease (4.03; 
[1.39，11.66]) and positive family history of stroke (5.29; [1.38, 20.32]) were 
resulted as significant risk factors. 
In these two studies, the prevalence and the determinants of intracranial stenosis 
among asymptomatic patients have been documented. Stroke prevention is 
always more effective than stroke treatment and rehabilitation. The recent 
declined in stroke death rate is largely due to the controlling of risk factors. With 
the findings achieved from these studies, the burden of intracranial stenosis has 
been assessed and it provides the basis for intervention study and further 
longitudinal study. 
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體中-年老（調整優勢比ad jus t ed OR 1.90 ； 95%可信區間confidence 
interval [1.27 , 2.84]),高血脂（1.72 ； [1.28 , 2.33]),高血壓（2.20 ； [1.65 , 
2.92]),糖尿病（1.54 ； [1.02 , 2.32])和冠心病（1.78 ； [1.01 , 3.13])皆爲 
明顯的高危因素而體重指標則出現輕微相反的關聯，尤其是 
在第三界區及第四界區分別爲（ 0 . 6 9 ； [0.49 , 0.98])和（0.65 ； [0.45 , 
0 . 9 2 ] ) �類似的結果也在中國郊野的群體中出現：高血壓（ 2 . 5 3 ； 
[1.12 , 5.72]),糖尿病（3.08 ； [1.19，7.97]),心臟病（4.03 ； [1.39 , 11.66]), 
當中在家族病歷中曾有人患上中風的人士，其調整優勢比更 







A C K N O W L E D G E M E N T S 
A B S T R A C T S 
T A B L E O F C O N T E N T S 
L I S T O F A P P E N D I X , T A B L E S & F I G U R E S 
C H A P T E R O N E 
I N T R O D U C T I O N 1 
1.1 CEREBROVASCULAR DISEASE 1 
1.1.1 ISCHEMIC STROKE 1 
1.1.2 HEMORRHAGIC STROKE 2 
1.2 LABORATORY DIAGNOSIS 3 
1.2.1 TRANSCRANIAL DOPPLER ULTRASONOGRAPHY 4 
1.2.1.1 Normal Brain 4 
1.2.1.2 Intracranial Large Artery Stenosis 5 
1.3 ASYMPTOMATIC INTRACRANIAL STENOSIS 6 
C H A P T E R T W O 
L I T E R A T U R E R E V I E W 7 
2.1 GLOBAL STROKE FACTS 7 
2.2 STROKE STUDIES 7 
2.2.1 RISK PROFILE OF STROKE 7 
2.2 .2 STROKE EPIDEMIOLOGICAL STUDY 8 
2.2.2.1 Incidence 8 
2.2.2.2 Mortality 10 
2.2.2.3 Increased stroke rates with increased age 12 
2.2.2.4 Associated disease in stroke subjects 12 
2.2.3 STROKE RISK FACTORS 13 
2.3 STROKE IMPACT 14 
2.3.1 STROKE PATIENTS 14 
2.3.2 MEDICAL BURDEN 15 
2.3.3 SOCIOECONOMIC BURDEN 16 
2.4 STROKE PREVENTION 17 
2.5 STROKE FACTS IN HONG KONG 19 
2.6 STROKE FACTS IN CHINA 21 
2.7 ASYMPTOMATIC INTRACRANIAL STENOSIS IN ASIAN SUBJECTS 22 
2.7.1 ASYMPTOMATIC INDIVIDUALS 22 
2.7 .2 INTRACRANIAL OCCLUSIVE DISEASE 2 3 
2.8 TRANSCRANIAL DOPPLER SONOGRAPHY 2 5 
C H A P T E R T H R E E 
A I M & O B J E C T I V E S O F T H E R E S E A R C H 3 0 
3 .1 AIM OF THE RESEARCH 30 
3 .2 OBJECTIVES OF THIS RESEARCH 30 
C H A P T E R F O U R 
C L I N I C - B A S E D C R O S S - S E C T I O N A L S C R E E N I N G I N A N U R B A N C I T Y — 
H O N G K O N G , T H E P E O P L E ' S R E P U B L I C O F C H I N A 31 
4 .1 BACKGROUND & PURPOSE 31 
4 .2 METHODS 3 4 
4.2 .1 DEFINING THE POPULATION 34 
4 .2 .2 PROCEDURES 36 
4.2.2.1 Standardized TCD Report Form 39 
4.2.2.2 Transcranial Doppler Screening 39 
4.2.2.3 Data collected 40 
4.2 .3 DEFINING THE RISK FACTORS 4 3 
4.3 STATISTICAL ANALYSES 45 
4.3 .1 RESEARCH DESIGN 4 6 
4 .3 .2 DESCRIPTIVE SUMMARY 4 6 
4.3.2.1 Cross-tabulated between Gender 46 
4.3.2.2 Cross-tabulated between Normal & Abnormal MCA status 47 
4.3.3 MEASURES FOR ASSOCIATION 4 8 
4.3.3.1 Univariate analysis 48 
4.3.3.2 Multivariate analysis 48 
4.3 .4 MODELING THE RISKS 50 
4 .3 .5 NFLUENCE OF THE NUMBER OF ASSOCIATED RISK FACTORS ON THE 
M C A STATUS 50 
4.4 RESULT 51 
4.4 .1 BASELINE CHARACTERISTICS OF ALL SCREENED SUBJECTS BY GENDER 51 
4.4.1.1 Age by Gender 53 
4.4.1.2 Medical History of HT, DM, Hyperlipidemia, IHD, Retinopathy 
and Albuminuria by Gender 55 
4.4.1.3 Social habit in Smoking by Gender 56 
4.4.1.4 Body Mass Index and Waist-to-Hip Ratio by Gender 57 
4.4 .2 DISEASED MIDDLE CEREBRAL ARTERY 61 
4.4 .3 CHARACTERISTICS BETWEEN SUBJECTS WITH NORMAL T C D RESULT 
AND ABNORMAL T C D RESULT IN THE M C A STATUS 62 
4.4.3.1 Age 64 
4.4.3.2 Gender 67 
4.4.3.3 Medical History of HT, DM, Hyperlipidemia, IHD, Retinopathy 
and Albuminuria 67 
4.4.3.4 Social habit in cigarette smoking 68 
4.4.3.5 Body Mass Index and Waist-to-Hip Ratio 71 
4.4.3.6 Other Measurements — on Blood Pressure, Fasting Plasma Glucose, 
HbAlc, Lipid profiles and Fibrinogen 79 
4 .4 .4 UNADJUSTED ODDS RATIO 84 
4.4.4.1 By contingency table method 84 
4.4.4.2 By logistic regression model 86 
4.4 .5 ADJUSTED ODDS RATIO 92 
4.4.5.1 Entering all explanatory variables: 92 
4.4.5.2 Using Forward and Backward Stepwise methods with the 
probability for entry of 0.05 and probability for removal of 0.10: 95 
4.4.5.3 Applying the Model-Building Strategy: 100 
4 .4 .6 COMPARING THE FINAL FITTED MULTIPLE LOGISTIC REGRESSION 
MODELS MADE BY THE THREE APPROACHES ： 103 
4 .4 .7 PROBABILITY AND ODDS DERIVED FROM THE LOGISTIC REGRESSION 
MODEL 110 
4 .4 .8 RELATIONSHIP BETWEEN THE DISEASED M C A AND THE NUMBER OF 
SIGNIFICANT RISK INDICATORS THAT THE SUBJECTS ASSOCIATED WITH..... 112 
4.4.8.1 Logistic regression analysis on number of risk indicators associated 
with the MCA status 115 
4.5 DISCUSSION 118 
4.5 .1 RESEARCH DESIGN 118 
4.5.1.1 Advantage 118 
4.5.1.2 Disadvantage 118 
4.5 .2 SAMPLING 119 
4 .5 .3 DATA COLLECTED AND OUTCOME VARIABLE CLASSIFIED 119 
4.5.3.1 Medical Record - Patients Characteristics 119 
4.5.3.2 Transcranial Doppler - Middle Cerebral Artery status 120 
4.5 .4 STATISTICAL ANALYSES 121 
4.5.4.1 Odds Ratio 121 
4.5.4.2 Logistic Regression Model 122 
4.5.4.3 Sources of Error 123 
4.5.5 RESULT 125 
4.5.5.1 Prevalence 125 
4.5.5.2 Risk indicators 126 
C H A P T E R F I V E 
P O P U L A T I O N - B A S E D C R O S S - S E C T I O N A L S U R V E Y I N A R U R A L V I L L A G E 
O F H E N A N , P E O P L E ' S R E P U B L I C O F C H I N A 134 
5.1 BACKGROUND & PURPOSE 134 
5.2 METHODS 135 
5.2.1 DEFINING THE POPULATION 135 
5.2.2 PROCEDURES 135 
5.2.2.1 Standardized Screening Form 136 
5.2.2.2 Transcranial Doppler Examination 137 
5.2.3 DEFINING THE RISK FACTORS 137 
5.3 STATISTICAL ANALYSES 140 
5.3.1 RESEARCH DESIGN 141 
5.3.2 DESCRIPTIVE SUMMARY 141 
5.3.2.1 Cross-tabulated between Gender 141 
5.3.2.2 Cross-tabulated between With & Without intracranial large artery 
stenosis 142 
5.3.3 MEASURES FOR ASSOCIATION 143 
5.3.3.1 Univariate analysis 143 
5.3.3.2 Multivariate analysis 143 
5.3 .4 MODELING THE RISKS 144 
5 .3 .5 INFLUENCE OF THE NUMBER OF ASSOCIATED RISK FACTORS ON THE 
PREVALENCE OF INTRACRANIAL LARGE ARTERY STENOSIS 144 
5 .4 RESULT 145 
5.4 .1 BASELINE CHARACTERISTICS OF ALL EXAMINED VILLAGERS BY GENDER.. 145 
5.4.1.1 Age by Gender 147 
5.4.1.2 Medical History of HT, DM and Heart disease by Gender 149 
5.4.1.3 Social habit in Cigarette smoking and Alcoholic drinking by Gender. 149 
5.4.1.4 Family History of HT, DM, Stroke and Heart disease by Gender 149 
5.4.1.5 Body Mass Index and Waist-to-Hip Ratio by Gender 150 
5.4 .2 DISTRIBUTION OF THE DISEASED INTRACRANIAL ARTERY 154 
5.4.3 CHARACTERISTICS BETWEEN SUBJECTS WITH AND WITHOUT 
INTRACRANIAL LARGE ARTERY STENOSIS 155 
5.4.3.1 Age 157 
5.4.3.2 Gender 158 
5.4.3.3 Medical History of HT, DM and Heart disease 158 
5.4.3.4 Social habit in cigarette smoking and alcohol drinking 158 
5.4.3.5 Family History of HT, DM, Stroke and Heart Disease 159 
5.4.3.6 Body Mass Index and Waist-to-Hip Ratio 160 
5.4.3.7 Other Measurements - on BP and Urine Glucose 163 
5.4.4 UNADJUSTED ODDS RATIO 165 
5.4.4.1 By contingency table method 165 
5.4.4.2 By logistic regression model 166 
5.4.5 ADJUSTED ODDS RATIO 172 
5.4.5.1 Entering all explanatory variables: 172 
5.4.5.2 Using the Stepwise methods available with the probability for 
entry is 0.05 and 0.10 for removal: 175 
5.4.5.3 Applying the Model-Building Strategy: 180 
5.4.6 COMPARING THE FINAL MULTIPLE LOGISTIC REGRESSION MODELS BY 
THE THREE APPROACHES： 182 
5.4.7 PROBABILITY AND ODDS DERIVED FROM THE LOGISTIC REGRESSION 
MODEL 189 
5.4.8 RELATIONSHIP BETWEEN THE TRANSCRANIAL DOPPLER RESULT ON 
INTRACRANIAL LARGE ARTERY AND THE NUMBER OF SIGNIFICANT 
RISK INDICATORS THAT THE SUBJECTS ASSOCIATED WITH 190 
5.4.8.1 Logistic Regression Model 192 
5.5 DISCUSSION 196 
5.5.1 RESEARCH DESIGN 196 
5.5.1.1 Advantage 196 
5.5.1.2 Disadvantage 196 
5.5.2 SAMPLING 197 
5.5.3 DATA COLLECTED AND THE OUTCOME VARIABLE CLASSIFIED 197 
5.5.3.1 Self-Reported - Subjects Characteristics 197 
5.5.3.2 Transcranial Doppler - Intracranial Large Artery status 198 
5.5.4 STATISTICAL METHODS 199 
5.5.4.1 Odds Ratio 199 
5.5.4.2 Logistic Regression 199 
5.5.4.3 Sources of Error 199 
5.5.5 RESULT 200 
5.5.5.1 Prevalence 200 
5.5.5.2 Risk Indicators 201 
C H A P T E R S I X 
C O N C L U S I O N 2 0 4 
6.1 THE CLINIC-BASED STUDY OF DISEASED MIDDLE CEREBRAL ARTERY 
AMONG ASYMPTOMATIC HONG KONG CHINESE 204 
6.2 THE POPULATION-BASE STUDY OF INTRACRANIAL LARGE ARTERY 
STENOSIS AMONG MID-AGED & ABOVE CHINESE IN RURAL CHINA 205 
R E F E R E N C E S 
A P P E N D I X 
APPENDIX I NEUROIMAGING - TRANSCRANIAL DOPPLER ULTRASONOGRAPHY 
APPENDIX II STATISTICAL METHODS 
APPENDIX III (A) STANDARDIZED T C D REPORT FORM USED IN P W H , HONG KONG 
(B) STANDARDIZED SCREENING FORM USED IN YUZHOU, CHINA 
APPENDIX IV THE I C D 9TH REVISION - DISEASE OF THE CIRCULATORY SYSTEM 
APPENDIX V PROSPECTIVE HOSPITAL-BASED STUDY IN ASIA, A A S A P 
(A) STANDARDIZED DATA COLLECTION FROM USED IN A A S A P 
APPENDIX V I CONTRIBUTED IN PUBLISHED PAPERS 
List of Tables 
Table 4.1 Number of deaths caused by the top five leading causes of death 
in Hong Kong 32 
Table 4.2 Number of deaths by age group in year 1996 and 1997 caused by 
cerebrovascular disease 32 
Table 4.3 Morbidity & mortality statistics and the standardized mortality rate of 
cerebrovascular disease for year 1993 - 1997 33 
Table 4.4 Medical out-patient attendance in UCH and PWH and the subtotal in 
district Hospital Authority Institutions 35 
Table 4.5 Reference range of the corresponding laboratory tests 43 
Table 4.6 Baseline characteristics of the chosen HK Chinese by sex 52 
Table 4.7 Reasons for those participants without TCD interpretation 61 
Table 4.8 Status of the MCA from the TCD report 61 
Table 4.9 Condition of the temporal windows of all examined subjects 62 
Table 4.10 Cross-tabulation and association between the characteristics 
of patients and the TCD result on MCA status 63 
Table 4.11 SPSS output on the cross-tabulation of Diabetes, Hypertension 
and Hyperlipidemia from the three clinics 69 
Table 4.12a Descriptive summary on BMI by subject characteristics 73 
Table 4.12b Statistical result on the association or difference on BMI among 
the factor groups 74 
Table 4.13 Blood pressure measurement (mmHg) cross-tabulated with the 
MCA status 79 
Table 4.14 Fasting blood glucose measurement (mmol/l) cross-tabulated with 
the MCA status 80 
Table 4.15 Glycosylated hemoglobin concentration (% of total Hb) 
cross-tabulated with the MCA status 80 
Table 4.16a Concentration of total cholesterol (mmol/l) cross-tabulated with 
the MCA status 81 
Table 4.16b Concentration of triglycerides (mmol/l) cross-tabulated with the MCA 
status 81 
Table 4.16c Concentration of high-density cholesterol (mmol/l) cross-tabulated with 
the MCA 82 
Table 4.16d Concentration of low-density cholesterol (mmol/l) cross-tabulated with 
the MCA status 83 
























Unadjusted OR derived from the contingency table between the 
characteristics and the MCA blood flow velocity .................................... 85 
Unadjusted OR derived from the univariate logistic regression ............ 88 
Multivariate logistic regression model with all independent variables 
(Enter) and its classification table .......................................................... 94 
Multivariate logistic regression model by Forward Stepwise (Wald) 
method and its classification table ......................................................... 97 
Multivariate logistic regression model by Backward Stepwise (Wald) 
method and its classification table ......................................................... 99 
Multivariate logistic regression model by Model-Building Strategy 
and its classification table .................................................................... 102 
Summary of the final multiple logistic regression models from 
the above three approaches ....... ......................................................... 104 
Estimated probability of outcome event and the predicted odds 
from the multiple logistic regression by different approaches .............. 112 
Proportions and prevalence of diseased MCA in the selected 
subjects regards to the number of risk indicators .................. ...... ........ 113 
OR derived from the logistic regression analysis for the number of 
significant risk factors that subjects associated with ............................ 116 
OR from the logistic regression and the cubic fitted line ... ................... 116 
Deaths caused by cerebrovascular disease in China (in 1990; 
estimation for year 2000, 2010 and 2020) ........................................... 134 
Baseline characteristics of screened Villagers by sex ......................... 146 
Distribution and number of the diseased artery found among 
those with intracranial stenosis ............................................................ 154 
Condition of the temporal windows of all screened subjects .... .... ....... 155 
Cross-tabulation and association between the subject characteristics 
and result on intracranial large artery status ........................................ 156 
Clinical measurement cross-tabulated with intracranial artery 
status (SBP, DBP, Urine glucose) ......................... ..................... ........ 163 
Unadjusted OR obtained from the contingency table method 
between the subject characteristics and intracranial stenosis ............. 166 
Unadjusted OR obtained from the univariate logistic regression 
model .......... .............................................................................. ........... 168 
Multivariate logistic regression model with a/l independent variables 
(Enter) and its classification table .......... ..................... ......................... 174 
Multivariate logistic regression model and its classification table by 
Forward Stepwise (Wald) method ........................................................ 177 
Multivariate logistic regression model and its classification table 
by Backward Likelihood-Ratio method 179 
Table 5.12 Multivariate logistic regression model and its classification table 
by the Model-building strategy 181 
Table 5.13 Summary of the final multiple logistic regression models derived 
from the three approaches 184 
Table 5.14 Proportions and prevalence of intracranial stenosis in the Yuzhou 
villagers according to the number of risk indicator 191 
Table 5.15 OR derived from the logistic regression analysis for the number of 
significant risk factors that subjects associated with 194 
Table 5.16 OR from the logistic regression with quadratic fitted line 195 
List of Figures 
Figure 1.1 (Left) Thrombotic stroke; (Right) Embolic stroke 2 
Figure 1.2 Hemorrhagic stroke 3 
Figure 4.1 Geographic location of Hong Kong in Asia Pacific 31 
Figure 4.2 Map of Hong Kong 35 
Figure 4.3 Flowchart that illustrates the procedure on the subject recruitment 
and the TCD result collection 38 
Figure 4.4a (Left) Box-and-whisker plot of age by sex; 
(Right) Error-bar of the mean and 95% CI of age by sex 53 
Figure 4.4b Frequency histograms of age for female and male 54 
Figure 4.4c P-P plots of age for female and male 54 
Figure 4.5 Cluster bar chart of the percentages of the clinical characteristics 
among female and male patients 56 
Figure 4.6a (Left) Box-and-whisker plot of BMI by sex; 
(Right) Error-bar of the mean and 95% CI of BMI by sex 57 
Figure 4.6b P-P plots of BMI for female and male 58 
Figure 4.7a (Left) Box- and-whisker plot of WHR by sex; 
(Right) Error-bar of the mean and 95% CI of WHR by sex 59 
Figure 4.7b P-P plots of WHR for female and male 60 
Figure 4.8a (Left) Box-and-whisker plot of age by MCA status; 
(Right) Error-bar of mean and the 95% CI of age by MCA status 64 
Figure 4.8b Frequency histograms of age by MCA status 65 
Figure 4.8c P-P plots of age by MCA status 65 
Figure 4.8d Cluster bar chart of the percentages of age group for the normal 
group and the abnormal group in MCA status 66 
Figure 4.9 Cluster bar-chart of the percentages of the risk factors for the 
Normal and Abnormal MCA groups 68 
Figure 4.10 (a-f) 100% Cluster stacked bar-chart of the proportions of DM & non-DM 
in the three origins, with associated HT and Hyperlipidemia 70 
Figure 4.11a (Left) Box-and-whisker plot of BMI by MCA status 
(Right) Error-bar of the mean and 95% CI of BMI by MCA status 71 
Figure 4.11 b Cluster bar chart of the percentages in BMI quartiles for the normal 
group and the abnormal group on the MCA status 72 
Figure 4.11c (Left) Means-plot of BMI among the four-level age group; 
(Right) Means-plot of BMI among the three-level of hyperlipidemia 73 
Figure 4.11d Cluster boxplot of BMI by smoking habit, with defined cluster 
of age group 75 
Figure 4.11e Cluster error bar of 95% CI of BMI by smoking habit, with 
defined cluster of age group 75 
Figure 4.11f P-P plots of BMI by MCA status 76 
Figure 4.12a (Left) Box-and-whisker plot o fWHR by MCA status; 
(Right) Error bar of the mean and 95% CI of theWHR by MCA status. 77 
Figure 4.12b Cluster bar chart of the percentage in WHR quartiles for normal 
and abnormal MCA groups examined by TCD 77 
Figure 4.12c P-P plots of WHR by MCA status 78 
Figure 4.13 Unadjusted OR of diseased MCA in relation to patient characteristics 
derived from contingency table 106 
Figure 4.14 Adjusted OR of diseased MCA in relation to patient characteristics 
derived from ENTER logistic regression model 107 
Figure 4.15 Adjusted OR of diseased MCA in relation to patient characteristics 
derived from Stepwise logistic models 108 
Figure 4.16 Adjusted OR of diseased MCA in relation to patient characteristics 
derived from Model-Building strategy 109 
Figure 4.17a Line plot for the proportion of normal and abnormal findings group 
associated with the number of significant risk factors 113 
Figure 4.17b Line plot on the prevalence of diseased MCA in the sampling 
subjects associated with number of significant risk factors 114 
Figure 4.18 Scatter plot of OR on the prevalence of diseased MCA regards 
on the number of risk indicator, together with the interpolated 
cubic regression line 117 
Figure 5.1 (Left) Map of China illustrating the location of Yuzhou, Henan; 
(Right) View of Liang-bei Village, Yuzhou at Henan 135 
Figure 5.2a Box-and-whisker plot of age by sex 147 
Figure 5.2b Frequency histograms of age for female and male 147 
Figure 5.2c P-P plots of age for female and male 148 
Figure 5.3 Clustered bar chart of the percentages of the characteristics 
among female and male participants 150 
Figure 5.4a Box-and-whisker plot of BMI by sex 151 
Figure 5.4b P-P plots of BMI for female and male 151 
Figure 5.5a Box-and-whisker plot of WHR by sex 152 
Figure 5.5b P-P plots of WHR for female and male 153 
Figure 5.6a Box-and-whisker plot of age by intracranial artery status 157 
Figure 5.6b Cluster bar chart of the percentages of age group by intracranial 
artery status 157 
Figure 5.7 Cluster bar chart of the percentages of subject characteristics by 
intracranial artery status 159 
Figure 5.8 Cluster bar chart of the percentages of family medical history 
by intracranial artery status 159 
Figure 5.9a Box-and-whisker plot of BMI by intracranial artery status 161 
Figure 5.9b Cluster bar chart of the percentages of BMI quartiles by 
intracranial artery status 161 
Figure 5.10a Box-and-whisker plot of WHR by intracranial artery status 162 
Figure 5.10b Cluster bar chart of the percentages of WHR quartiles by 
intracranial artery status 162 
Figure 5.11 Clustered box-and-whisker plot of SBP and DBP by 
intracranial artery status 164 
Figure 5.12 100 % Stacked bar chart of the reading on strips for urine glucose 
by intracranial artery status 164 
Figure 5.13 Unadjusted OR of the intracranial stenosis in relation to subject 
characteristics by the Contingency Table Method 185 
Figure 5.14 Adjusted OR of intracranial stenosis in relation with subject 
characteristics by ENTER logistic regression model 186 
Figure 5.15 Adjusted OR of intracranial stenosis in relation to subject 
characteristics by Stepwise logistic regression models 187 
Figure 5.16 Adjusted OR of intracranial stenosis in relation to subject 
characteristics by the Model-Building Logistic regression 188 
Figure 5.17a Line plot for the proportion of normal & abnormal intracranial artery 
group associated with number of significant risk factors 191 
Figure 5.17b Line plot on the prevalence of intracranial artery stenosis in 
the number of significant risk factors that associated with 192 
Figure 5.18 Scatter plot of odds ratio on the prevalence of intracranial 
regards on the number of risk indicator, with the interpolated 




1.1 Cerebrovascular disease 
Cerebrovascular disease is commonly known as stroke, which is one of the 
leading causes of morbidity and mortality in the world. Stroke accounts for 
around 10% - 15% of all deaths in most countries [1-8]. The World Health 
Organization found that the incidence and prevalence rates for first-ever stroke 
were 115.4 and 586.0 per 100,000 respectively in 1990. Each year, there were 4.4 
millions stroke deaths, 6 million first-ever strokes and thirty million affected 
individuals worldwide [9:. 
Simply speaking, stroke is the consequence of an interruption in the blood flow to 
the brain when a blood vessel or artery is either blocked or ruptured, that causes 
the brain cells in the affected area die of lack of oxygen and nutrients. 
Stroke is defined as "a rapidly developed clinical sign of focal (or global) 
disturbance of cerebral function of vascular origin causing disability lasting 
more than, or death within 24 hours (unless interrupted by surgery) “ [10-12]. 
The level of severity of stroke attack depends on the sites of the damaged brain 
and the territories supplied by the affected artery [13，14:. 
There are two main subtypes of stroke - ischemic stroke and hemorrhagic stroke. 
1.1.1 Ischemic Stroke [12，14-16] 
The blood flow to the brain may be blocked by a clot or fatty deposit (thrombus) 
or a detached clot that is usually come from the heart (embolus) that lodges in the 
brain vessel. It is classified as cerebral infarction (cerebral thrombosis and 
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embolism) - see figure 1.1. Moreover, decrease systemic perfusion is another 
mechanism for ischemia. 
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Figure 1.1 (Left) Thrombotic stroke; (Right) Embolic stroke 
The four major groups of diseases associated with ischemic cerebrovascular 
disorders are -
• Cardiac disorders which generate embolic fragments or intracardiac 
thrombi 
• Large vessel diseases which are mostly caused by atherosclerosis in 
cervical or major intracranial artery) 
• Small vessel diseases which are intracranial small artery occlusion caused 
by hypertension, infections or non-infectious arteritis 
• Hematologic diseases such as enhanced blood viscosity and stasis due to 
hypercoagulation 
1.1.2 Hemorrhagic Stroke [12,14-16: 
Stroke can occur as a result of a rupture of an arterial wall. The breakage can be 
caused by high blood pressure or aneurysm (hemorrhage), releasing the blood 




\ \ / / 
t^mk In «irf»ry wdlJ \ " | 
I 
、^"；;^  一一 \ 
Bbfscil»0 ilftli \ � \ 
Brqilrj； mH^ 
Figure 1.2 Hemorrhagic stroke 
There are five major categories of hemorrhagic stroke based on the location of 
the primary hemorrhage included -
• Epidural hematoma (blood bleeding between the skull and dura) 
• Subdural hematoma (bleeding between the dura and the underlying brain) 
• Subarachnoid hemorrhage (blood spreading from a ruptured aneurysm or 
arteriovenous malformations into the subarachnoid space) 
• Intracerebral hemorrhage (bleeding directly into the brain substance) 
Among these two types of stroke, ischemic stroke is more common than 
hemorrhagic stroke. Ischemic stroke comprises about 80% to 85% of all strokes 
in western population [17] while in Asian population, it accounts for about 50% 
to 80% of all stroke [18]. 
"From the etiological view point, cerebral hemorrhage was considered to be 
caused by hypertensive small vessel disease inside the brain and cerebral 
infarction to occur in close association with atherosclerosis in the cerebral 
arteries or sometimes in the neck arteries. “ by Teruo Omae [19] 
1.2 Laboratory diagnosis 
Techniques such as computed tomography (CT), magnetic resonance imaging 
(MRI), magnetic resonance angiography (MRA), cerebral arteriography, 
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electrocardiography & echocardiography and non-invasive neurovascular studies 
are introduced in the past several decades. Those laboratory evaluations allow for 
the anatomical localization of the cerebrovascular event and assist in the 
determination of its pathogensis [17:. 
1.2.1 Transcranial Doppler ultrasonography 
Among the non-invasive studies, a direct technique of transcranial Doppler 
ultrasonography (TCD) [14,17,20], will be described in detail here since this is 
the techniques that used for detection of occlusive disease in the major 
intracranial arteries in this research study. Besides its non-invasive nature, TCD 
is also a safe, fast and portable assessment. 
TCD was first introduced in 1982. It is a high-energy bi-directional pulsed-
Doppler system that used a range-gated, low frequency ultrasonic beam of 2 MHz 
crosses the intact skull at the acoustics windows to study the hemodynamics 
characteristics of the basal cerebral arteries. It provides information of the 
characteristics that include the blood flow velocity, direction of flow, collateral 
pattern, state of cerebral vasoreactivity that allow for specific identification of the 
cerebral arteries. 
1.2.1.1 Normal Brain 
Although human brain is only accounts for 2% of the total body weight, a 
relatively small organ, it required 20% of the total cardiac output when the body 
in resting for the acquirement of oxygen and energy. There are two main blood 
supply systems to the brain, the anterior and posterior circulation. 
The two main arteries supply blood to the cerebral hemispheres are the left and 
right carotid artery. The rate of blood flow in the carotid arteries is 300 ml per 
minute [13]. The intracranial direct continuation of the internal carotid artery 
(ICA) is the middle cerebral artery (MCA), together with the anterior cerebral 
artery (ACA) form the anterior cerebral circulation. 
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The blood supply to the brainstem, cerebellum and the back of the two cerebral 
hemispheres are derived from the two vertebral arteries in the posterior cerebral 
circulation. These arteries travel up in a special canal in the cervical vertebrae 
with a blood flow of 100 ml per minutes, slower than carotid arteries. The back of 
the cerebral hemispheres is supplied by the two posterior cerebral arteries (PCAs) 
that come off from the basilar artery (BA), which is formed by joining of the two 
vertebral arteries. The PCA is linked to the MCA by the posterior communicating 
artery (PCoA) on each side [13:. 
In healthy normal subject, the cerebral blood flow is about 50 ml for each lOOgm 
brain tissue per minute and the cerebral metabolic rate for oxygen is about 3.5 ml 
per 100 gm per minute in order to supply enough oxygen and glucose for the 
brain cell to function [14:. 
1.2.1.2 Intracranial Large Artery Stenosis 
For intracranial artery, the normal blood flow velocity ranges from 40 to 70 
cm/second [14,21]. When the cerebral blood flow (CBF) is increased or the artery 
lumen is narrowed, the velocity in that segment of artery will be increased due to 
the high pressure generated by reduction in luminal diameter. Based on the 
"Handbook of Stroke" [17], intracranial stenosis is defined by increased blood 
flow velocities above two standard deviations from the normal value and 
according to the signal spectrum analysis, the degree of stenosis can be estimated. 
In fact apart from the increased velocity, a significant narrowing of the 
intracranial artery can also results in localized turbulence, reversed blood flow 
and reduction of pre- or post- stenotic flow velocity [22'. 
In the anterior circulation, the lesions of ischemic stroke are commonly found in 
the MCA (intracranial artery) and ICA (extracranial artery) [23]. The diagnosis of 
stenosis or occlusion in the anterior cerebral circulation examined by TCD - is 
reliable, with a high sensitivity and specificity [22]. 
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In the posterior circulation, the vertebrobasilar insufficiency can arises from the 
diseased proximal subclavian artery, stenosis of the vertebral artery (proximal 
and intracranial VA), basilar artery (BA) and posterior cerebral artery (PCA) [24]. 
Unfortunately TCD on vertebrobasilar arteries are not as reliable as in the 
anterior circulation, due to the difficulty in defining the junction of the basilar 
artery [22:. 
1,3 Asymptomatic Intracranial Stenosis 
Patients with no apparent cerebral or retinal ischemic symptoms, but have 
conditions such as hypertension, certain cardiac disorders, or carotid stenosis are 
at increased risk of stroke [25]. Therefore attention should also be paid to the 
asymptomatic subjects who had no previous stroke and transient ischemic attack 
(TIA). Prevention is much better than treatment and thus identification for risk in 
the asymptomatic stage is an important prevention strategy. 
As my target population is Asian and several studies have found that Asian are 
more prone to intracranial occlusive cerebrovascular disease than whites that 
whites have more extracranial disease [26-28]. Therefore my research subjects 
are those asymptomatic Asian individuals that have intracranial stenosis 





2.1 Global Stroke Facts 
According to the Global Burden of Disease Study conducted in 1990 [8,29,30], 
cerebrovascular disease is the world's second leading cause of deaths following 
ischemic heart disease. There were nearly 4.4 million people died of stroke and 
with projected estimation of 5.6 million deaths in year 2000. The estimated 
proportions of CVA cases receiving treatment ranged from 0.15 in Sub-Saharan 
Africa to 0.90 in Established Market Economics [31]. The overall incidence 
number of first-ever stroke was 6,077,000 with incidence rate of 115.4 per 
100.000 and the prevalence was 30,872,000 cases with prevalence rate of 586 per 
100,000. The death rate was 83.2 per 100,000 and is projected to increase to 90.6 
in year 2000 [9]. 
2.2 Stroke Studies 
> Note: the stroke facts and other stroke investigations for Hog Kong 
and for China are reviewed separately in the following section (2.5) 
and (2.6). 
2.2.1 Risk profile of stroke 
Using the Framingham Study cohort, a function was developed on predicting the 
probability of first stroke by the Cox proportional hazards model [32], in which 
the stroke probability is found to increase steadily with ‘age，，presence of 
additional risk factors of hypertension, diabetes mellitus, cigarette smoking, 
antecedent cardiovascular disease, atrial fibrillation and electrocardiographic 
abnormalities. A further adjustment on the anti-hypertensive therapy effect for 
this stroke profile function was made later [33], with a closer examination in 
systolic blood pressures between 110 mmHg to 200 mm Hg due to the presence 
of the added effect. This adjusted function has distinguished the blood pressure 
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attained on medication and the uncontrolled BP, which is consistent with 
previous generated function. 
In Denmark [34], the validity of the above stroke probability point system in the 
Framingham Study was tested, and also established another stroke probability 
function from the Copenhagen City Heart Study (CCHS) based on the statistical 
model from the Framingham Study. Majority of the risk factor for stroke 
identified by Framingham Study had also a significant effect in CCHS population. 
Although the overall result of this two models were similar but the combination 
of risk factors for these two point-scale systems were not always the same. The 
difference was partly due to the different definitions and Tmelsen concluded that 
such system should not be used for individual prediction unless for the indicator 
of high relative risk associated with simultaneous presence of several risk factors. 
Nevertheless the stroke risk profile can provide the framework for identification 
of those at sufficiently increased risk of stroke and so to warrant effective risk 
factor management. 
2.2.2 Stroke epidemiological study 
2.2.2.7 Incidence 
Age-adjusted incidence is reported in range between 100 and 300 per 100,000 per 
year in the world [35:. 
Several stroke studies in Finland reported incidence within this range, such as a 
study in Kuopio [36] which showed a crude incidence of 235 and age-adjusted 
incidence of 270; and also - two others Finland studies: Espoo-Kauniainen (126 
and 239 for crude and age-adjusted incidence) and North Karelia (215 and 238 
respectively). Finland is noticed as one of the population with the highest stroke 
attack rates in the WHO MONICA [10,11]. While in Sweden, the incidence rate 
was 300 for all stroke events and 225 for the first-ever stroke [37]. Likewise in 
Denmark, the adjusted rate was 214 and explored that the stroke incidence is 
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indeed increased exponentially with age [38]. In addition, the stroke incidence in 
Poland was 198.2 per 100,000 [39], while 127 and 111 for the crude and age 
standardized incidence rates [40]. For the prospective study in Netherlands, it 
showed the annual incidence of 174 for all CVA cases and 145 for first-ever case 
41]. Furthermore, incidence in Italy - found a crude rate of 224 and an adjusted 
rate of 170 [42]. 
Besides the above studies performed in Europe, stroke study conducted in 
Australasia illustrated that the incidence of first-ever stroke rates were 141.5 and 
145.6 in Auckland and Perth respectively [43]. Another prospective study on the 
incidence of stroke conducted in Taiwan reported a crude incidence rate of 330 
per 100,000 in and an age-adjusted incidence rate of 329 per 100,000 - a 
relatively high rate compared with the others reports [44:. 
MULTINATIONAL STUDIES / COMPARABLE STUDIES: 
In order to make the stroke rates comparable, same standard of definitions, 
methods and data presentation are required [45] - an international collaboration 
for comparable stroke incidence studies consists of 11 countries in Europe, 
Russia, Australasia and the United States showed the incidence variation was 
dependent on age while only a small variation found in the incidence of 
pathological stroke types [46]. The similarity may due to the predominantly white 
subjects with a westernized lifestyle. Another large study of the WHO MONICA 
Project was initiated in the early 1980s for performing a comparable study in 
stroke epidemiology under multinational populations — covering 16 European and 
2 Asian populations. Result showed that there was a geographic pattern of 
increasing tend of stroke incidence from the western to the eastern Europe - while 
a relatively high incidence was found in Chinese [11]. Moreover, those rates 
increased rapidly with increasing age and also found that elevated blood pressure 
and cigarette smoking contribute substantially to the variation in the stroke 
incidence in the multiple regression analyses of MONICA [10]. While an early 
study coordinated by WHO reported that about half of the stroke patients had past 
Page 9 
Literature Review 
medical history of hypertension - the most common disease among the studied 
population [47:. 
• The gender differences in stroke incidence rate: most of the studies 
showed a higher rate in male than female [11，36,38,39，41,43,44，48,49,50]. 
However there was some exceptions, that a slightly little lower rate in men 
than women with the sex ratio (male-.female) of 1.0 [37]. In contrast, a higher 
incidence rate for first stroke was found in women than in men [42" • 
• Other variations in stroke incidence: an decreasing trend for stroke was 
found from eastern Finland to southwestern Finland [48] while an increasing 
trend was observed from northern, central, southern and then to eastern part 
of Taiwan [44]. In addition a variation in rural and urban area are also 
discovered, but with opposite findings between Taiwan and Poland. A higher 
incidence rate was found in the rural area than the urban community in 
Taiwan [44] but the reverse was found in Poland [39:. 
2.2.2.2 Mortality 
As stated above in the global stroke facts that stroke is a leading cause of death. It 
accounts for about 10% to 15% of all deaths in most countries but the stroke 
death rates vary widely between country to country. The highest rate was 
reported in the Eastern Europe and Portugal while the lowest rates in Switzerland 
[1], this was consistent with the 28-day case-fatality in the WHO MONICA [51；. 
Among the Asian populations, Taiwan and Japan was found with high age-
adjusted presented in the First Asian-Pacific Symposium on Stroke [52]. 
MORTALITY TRENDS: 
There has been an international trend of declining stroke mortality since the early 
1900s at a rate of 1% per year until 1968 and then follow by a declining rate of 
5% to 7% per year [1,53]. This pattern is also noted in other studies [54,55]. In 
Asia, this decline mortality was found since 1965 with an accelerated downward 
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trend in 1971 [56]. This time trends in stroke is always studied together with the 
incidence trends at the same time so as to deduce whether there is an 
improvement in the stroke prevention or in the treatment and rehabilitation that 
resulted in improved survival. 
Between 1945-1974 there was a declining stroke incidence together with a 
declining mortality except in 1975 [54]. This secular trend is also found in United 
States [53]. The Framingham study found no significant decline in incidence (or 
prevalence) for the mortality time trend [57]. From the WHO MONICA project 
only a small number of the populations reached the statistical significance level 
in the declining stroke attack rate [58]. This observation may be explained by the 
improved case-fatality rate rather than a decreased incidence and thus the 
observed reduction in stroke mortality most likely are due to the improved 
survival rather than a decline in incidence [59,60]. On the other hand, the 
temporal trends of decreasing mortality in Poland between 1977 and 1985 was 
mainly due to the inversion in the ratio of ischemic to hemorrhagic stroke [39]. 
• The difference in stroke mortality rate among gender: both the mortality 
rate of all stroke and the age-adjusted case-fatality rate of first-ever stroke 
were found higher in women than in men but not the case for the 28-days 
case-fatality rate [43,49,50] moreover a higher 3-weeks case-fatality rate in 
female than in male [41]. In addition, the large multinational WHO MONICA 
study also observed that female with a higher case-fatality rate than male 
except in the Novosibirsk population [11]. Exception of a higher rate in men 
than in women in the age-standardized, age-adjusted mortality rate and 28-
day case-fatality was found in some other studies [39,58,61]. During the 
worldwide mortality declined, both male and female were equally affected 
but the female was observed with an more rapidly and earlier declined in both 
the international trends [62] and the WHO MONICA study [63]. Some cohort 
showed only women had the significant incidence declined [57]. 
Although many populations have observed with the mortality trends, an opposite 
trend was observed in Lithuania, as in most other eastern European [61]. The 
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mortality decreased during 1989 to 1997 for aged 25 to 64 years but increased in 
those aged 65 to 84 years old while the incidence and attack rate were increased 
among women during 1986 to 1997. Rastenyte commented that the political and 
socioeconomic changes impact significant with the epidemiology. 
• Other variations in stroke mortality: geographical variation across United 
States in the stroke mortality was reported [63]，there was a nonrandom 
distribution across the country with the highest cluster in the east. 
2.2.2.3 Increased stroke rates with increased age 
Most and nearly all of the stroke rates in epidemiological study has found an 
increasing rate with age regardless of race and country [36-39,41-44,48-
50,52,53,64-66]. 
2.2.2.4 Associated disease in stroke subjects 
Among the studies regarding stroke incidence -
Prior stroke, hypertension, smoking, atrial fibrillation, and diabetes mellitus were 
reported as risk factors for all stroke events [37]. Hypertension and heart disease 
are considered as the most common risk factors for stroke [42]. Likewise history 
of hypertension and treatment on hypertension were significant for first-ever 
stroke in Australasia [43]. In addition hypertension and dietary control in the 
intake of salty food were also found to be a significant factor in Taiwan [44:. 
Among the studies regarding stroke mortality -
Hypertension, elevated blood pressure, smoking, diabetes mellitus and low 
socioeconomic status were found with increased mortality under the population 
of native Americans, Hispanic Americans and African Americans respectively 
[67-69]. Apart from the higher prevalence of cardiovascular risk factors and the 
lower socioeconomic for the excess stroke in blacks than whites, blacks are also 
found with greater severity and sensitivity in the risk factors, together with lack 
of access to medical care [69]. For the declined mortality in Japan, it was claimed 
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due to the treatment and control of hypertension together with dietary changed in 
decreased sodium intake and appropriate increased amount of animal fat and 
protein intake [56]. While in Hong Kong, hypertension, diabetes mellitus, 
arrhythmia and valvular disease were the common identified risk factors that 
general public should be aware with [65]. In addition hypertension, ischemic 
heart disease, congenital & rheumatic heart disease and diabetes mellitus are 
found associated among the stroke patients in Bangladesh [70:. 
In conclusion, hypertension is a strong factor for stroke since it is commonly 
found in nearly all studies. 
2.2.3 Stroke risk factors 
Stroke risk factors are well presented in many neurology textbooks [71-75]: 
Established Factors: Hypertension, heart disease, diabetes mellitus, cigarette 
smoking, alcohol consumption, drug abuse, increased hematocrit, elevated 
fibrinogen, heredofamilial, sickle cell disease, asymptomatic structural lesions, 
lupus anticoagulant, gender, race and age. 
Potential but not well established: abnormal lipids, dietary deficit, physical 
inactivity, obesity, oral contraceptive, migraine, hyperuricemia, infection and 
homocysteinemia. In addition, geographic location, season & climate, 
socioeconomic factors and personality type are also suggested. 
WHO MONICA is a multinational study conducted with both European and 
Asian populations but the number for Asian population included is relatively 
small: only two out of 18. The Asian Acute Stroke Advisory Panel (AASAP) 
have conducted a study on the hospitalized acute stroke patients involved with 
ten Asia counties, and published the result on risk factors for the early death [76:. 
Result of this multi-center Asian study showed that among ischemic stroke 
subjects, use of anti-platelet before stroke have halved the risk of early death, 
whereas atrial fibrillation, ischemic heart disease, diabetes and ex-smoker did the 
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opposite; among ICH, diabetes was associated with increased risk of early death 
while a protective effective was found in younger age and hypertension. As I 
have participated to the analysis of the AASAP, please refer to Appendix V for 
the statistical result on the country / race effect alone and together with the risk 
factors for early death of stroke that a higher death rate in Thailand while a lower 
death rate in Korea and India under comparison with China (included centers in 
Mainland China and Hong Kong), while a comparable rates among China, 
Singapore, Taiwan, Vietnam, Indonesia, Malaysia and the Philippines. 
Search for more new risk factors is necessary for effective health planning. 
Moreover due to the awareness of the heterogeneity of stroke, genetic research 
may prove rewarding [72]. Through recognition of the risk factors, better 
management of those stroke-prone individuals should be planned based on risk 
factors modification and treatment. 
2.3 Stroke Impact 
A major stroke can be fatal or produce severe disability with consequent lost of 
earning potential and causing severe socioeconomic impact. The outcome of 
stroke depend not only the stroke subtypes but also the affected area in the brain, 
while age is also an important factor [77]. 
2.3.1 Stroke patients 
Apart from a major cause of death, stroke is also a major cause of disability. 
According to the Shatin Stroke Registry (Hong Kong 1998)，more than half of the 
patients died or disabled after six months of stroke -
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Stroke outcome after six months 
Death 




Stroke patients can affect both the disability in activities of daily living and 
psychological. Suggested that swallowing function should be assessed in all 
stroke patients due to the common disability of dysphagia [78]. In addition, the 
importance of detecting and treatment depression after stroke since there is 
commonly a very negative perception in stroke victims about their life situation 
[79]. Quality of life in six-months after stroke was investigated reported that the 
physical domain appeared to be more affected than the psychosocial domain [80]. 
Studies on the predictors for mortality, long-term survival and disability has also 
been investigated [77,81-85]. From those the significant predictors found 
included old age, low Glasgow coma score during admission, history of 
myocardial infarction and diabetes. Moreover, severe functional disability or 
death was found more commonly in those with neurological worsening for both 
with large-artery atherosclerosis or with small-artery disease [86:. 
2.3.2 Medical burden 
Stroke is one of the most common causes of chronic disability in adults. 
Rehabilitation is necessary for the recovery [87]. An effective rehabilitation 
program is essential for decreasing disability and to make the stroke-survivors to 
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obtain full recovery and live independently. Besides physiotherapy, 
psychological treatment also plays an important role in some individuals. 
Moreover there are many factors that may trigger recurrence stroke when it 
cumulates with the first-ever stroke cases, may result in a scarcity of supplies in 
medical use, such as manpower of nurses, medical staff, medical services and 
laboratory tests. Hence more resources should be allocated in hospital, 
convalescence centers and nursing home-care. 
In order to provide a complete treatment for stroke survivors, effective 
rehabilitation, medication and regular follow-up are important for preventing 
recurrence and reducing disability. Effective treatments are reviewed [88-94；. 
While a well-planned rehabilitation is also be discussed [77,80,95,96；. 
2.3.3 Socioeconomic burden 
A huge amount of money is put in healthcare cost of stroke in many 
industrialized countries. In 1997, the economic cost of stroke in the Unites States 
was $40.9 billion in which nearly two third was the direct cost and the rest was 
on indirect cost [1]. The estimated lifetime costs of 1,870 million Dutch guilders 
for 24,007 first-ever stroke patients in the Netherlands, in addition to a parallel 
increase in the elderly population aged above 65 [97:. 
Direct costs are those related to the diagnosis, treatment and rehabilitation of 
stroke. Such as hospital care, drugs dispensed and professional care. Approximate 
$50,000 is spent on each case in US. The direct cost also depends on the medical 
practice and number of hospitalized days. 
Indirect costs are related to patients' change in the economic and social status, 
and also the substantial changes in the life of the caregivers. These are all lifetime 
costs. In US, lifetime cost is estimated as $103,576 per person in 1996. This 
lifetime cost varied largely associated with the stroke subtypes since patients with 
more disability in hemorrhagic stroke than cerebral infarction, and also depends 
on the age of onset, that greater lifetime cost accounts for young onset age. 
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Likewise, that is largely lie on the social status when considering their loss of 
productivity. Besides the patients themselves, their caregivers and family may 
also have emotional distress of depression, frustration, and etc. 
Life expectancy is increasing all over the world nowadays. Some of the countries 
have a low fertility rate and it make the population pyramid getting wider on the 
top. Moreover the age effect was showed with poor status in the elderly from the 
Copenhagen Stroke Study and the Oxfordshire Community Stroke Project. These 
two studies showed that the outcome in activities of daily living is poor in aged 
together with a lower probability of survival after stroke [84,95]. Although the 
medical interventions and surgical therapies can fight to against elderly disease, 
this will increase the social and economic costs in our aging society. To 
overcome the profound implication in the medical and social aspects due to this 
social phenomenon, emphasis should be made on disease prevention [98:. 
2.4 Stroke Prevention 
Prevention is the well-known best treatment for stroke since recurrent stroke is 
likely to trigger once the subjects had TIA or first-ever stroke and full recovery is 
not very common. The first-month recurrence rate was 1.9% [42] and 6% within 
the first year [36]. Many articles regarding on primary prevention of modify 
major risk factors and a healthier life-style, together with secondary prevention 
for control and therapy for risk factors have been published [99-101]. It is 
extremely important for physicians to identify the stroke risk factor and keep a 
good management for stroke prevention [102-105]. 
During different stages, there are different therapeutic opportunities in stroke 
prevention that in the asymptomatic stage, treatment and modification of risk 
factors, simultaneously with asymptomatic lesion management. In the warning 
stage, management of TIA and minor stroke, together with identification and 
treatment according to the warning symptoms. In the recurrence stage, to take 
prevent for further stroke attack [72]. The importance of controlling risk factors 
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on primary prevention based on the clinical and epidemiological data has been 
reviewed [106]. While the anti-thrombotic treatment and surgery to prevent 
ischemic stroke from clinical trials, together with the discussed of anti-coagulant 
(warfarin), aspirin and the carotid endarterectomy has also been addressed [89: • 
Furthermore a review of cost-effectiveness on the improved stroke medication, 
surgery and radiological diagnosis are also made since consideration need to 
made on both the medical cost and the benefit to patients [88]. A community-
based intervention trial on hypertension and smoking performed in the urban 
cities of China has showed its feasibility and effectiveness in stroke reduction 
[107]. 
There are two major strategies to avoid stroke - (1) "high-risk" approach and (2) 
“mass，，approach [108，109]. The high-risk approach may involve with a massive 
and expensive population screening to identify individuals in high-risk, then 
giving treatment (e.g. medication) for those selective high-risk individuals. This 
approach usually achieve a substantial reductions in stroke but one of the 
disadvantage is it can not prevent stroke among those with risk factor in a lower 
levels. While the mass approach produces a small reduction in the risk factor in 
every individual through education or legislation (lifestyle modification) to 
hinder the exposure of risk factors, it is relatively cost less and is the complement 
of high-risk approach. Therefore the best way for prevention strategy is to 
combine these two approaches. “... Education is also important to promote 
prevention and early treatment of stroke ... ” presented by Fuster in the 71'^  
Scientific Sessions of the American Heat Association [110]. The unawareness of 
stroke risk and stroke symptoms is associated with increased of stroke risk and 
delay of hospital admission with deferred treatment are reported [111,112]，hence 
education to the public is as important as the therapeutics treatment given by 
physician. 
Among all the known risk factors, hypertension and cigarette smoking are the 
two most important and modifiable factors, well control of blood pressure and 
cessation of smoking can effectively decrease the risk of stroke. 
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2.5 Stroke Facts in Hong Kong 
Hong Kong is a cosmopolitan city with the great majority of its population is 
Chinese (over 98%). Stroke is the fourth leading causes of dead after malignant 
neoplasm, heart disease and pneumonia. 
The following chart, derived from data provided by Statistical Reports of 
Hospital Authority showed that among the stroke admission in Hong Kong, the 
total number of treated patients is increasing while the number of deaths is 
maintain in a steady level. Considered together with the two linear trend lines for 
treated and deaths. In Hong Kong, the decreased time trend in mortality rate was 
appeared since the late 1970,s [113]. Most countries found a greater declined in 
women but the sex ratio (M:F) of stroke mortality is observed in a significant 
downward trend and suggesting for the opposite [6]. 
Stroke admissions in Hong Kong 
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In Hong Kong, the reported crude admission rate for stroke was 355 per 100,000 
people, similar rate as in mainland China and Taiwan [18]. For distribution of 
stroke subtypes, 70% of the Hong Kong stroke patients had ischemic infarct 
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while 30% had intracerebral hemorrhage [114]. The high proportion of 
intracerebral hemorrhage was at least twice that found in Caucasians 
[18,115,116]. 
Hypertension, high serum lipoprotein(a) and low apolipoprotein A-I 
concentration were found significant independently associated with all stroke 
subtypes [117]. For ischemic stroke, diabetes, hypertension, smoking and left 
ventricular hypertrophy were found significant among those aged above 70; 
while for those below 70 years, ischemic heart disease, hypertension and atrial 
fibrillation were found to be risk factors. Likewise for hemorrhagic stroke, 
hypertension was only significant among those below 70 years but not for above 
70 years [118]. 
Racial differences in cerebral atherosclerosis -
The First Asian Seminars in Atherothrombosis held in 1999 has reported the 
impact of atherothrombotic disease is rapidly become a major problem 
throughout Asia. 
The pattern of cerebral atherosclerosis in Hong Kong stroke patients are similar 
to the Japanese and blacks that more prone to intracranial vascular occlusion 
rather than discrete extracranial atherosclerosis. This pattern is different from 
Caucasians who commonly have extracranial carotid lesion [119-121]. The most 
common lesion site was proximal middle cerebral artery, 48/73 (66%) and 
253/507 (50%) intracranial vascular lesion found [121,122]. Among those found 
with intracranial stenosis, half of them were diagnosed with both hypertension 
and diabetes mellitus while 14% and 5% with solely hypertension and solely 
diabetes respectively [120]. Moreover a significant correlation between ischemic 
heart disease, hypertension, diabetes mellitus and age on the mean intracranial 
narrowing from multiple linear regression was deduced [119]. While significant 
risk of increased age, atrial fibrillation and number of occlusive artery were 
identified for recurrent stroke by multiple logistic regression [121:. 
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2.6 Stroke Facts in China 
In China, stroke is the second leading causes of death in urban cities and rank 
third in rural areas that accounts for more than 1 million deaths per year [123；. 
Epidemiological surveys showed that stroke rates in China are relatively high 
compared to other populations (such as European and American), similar to 
Japanese. The WHO-MONICA also showed a relatively higher stroke incidence 
in the Chinese populations [11], a high 28 days case-fatality rate of 32% while 
the others ranged from 12% to 47% [51]. 
Reported mean stroke rates (per 100,000 persons) in the world is around 500-600 
for prevalence, 200 for incidence and 100 for mortality. See below for the stroke 
rates found among studies on Mainland Chinese. 
Study Population Prevalence Incidence Mortality 
12 urban cities 138.7 
Wu (1979) [124] 80.3 to 159.8 
10 rural regions 93.7 
Crude 1,188 Crude 329 … 
Wang (1983) [125] Beijing, urban + 」 ， 。 。 = ^ .. , . ^^^ 281 
… /L J J a Adjusted 1,285 Adjusted 370 
~ ‘ Crude 620 Crude 182 Crude 89 
Li (1985) [126] 6 urban cities 八丄,�，… a � - ‘ d o . n a , , . \ H J Adjusted 719 Adjusted 219 Adjusted 116 
Y 29 provinces & Crude 245.5 Crude 110.0 Crude 76.8 
Xue (1991)112/^J cities Stand. 259.9 Stand. 115.9 Stand. 80.9 
^ 9 9 5 ) [128] 2�ePsr�vinces & Adjusted 115.6 ^ f ^ f 
‘ ALL-STROKE: 
Sino- Adjusted 411 
Chen (1992) [129] MONICA- qTROKF. 
Beijing 1 STROKE. 
Adjusted 288 
Cheng (1995) [130] 7urban cities Adjusted 215.6 
Remarks - Rates per 100,000 persons 
Adjusted = age-adjusted 
Stand. = age-standardized with the world standard 
There was a geographical trend of north-south and east to west gradient that 
decreased from the north and east to the south and west of China 
；124,126,127,130], and a higher rate is found in urban cities than rural regions 
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123,127]. Likewise among those studies specific by sex showed that rate of male 
is higher than female [127,130,131], and also increased dramatically with age 
[126,127,129]. 
The high stroke rates and geographic differences among different part of China 
may be explained by the high prevalence of hypertension. Since similar trend as 
stroke rates are found in prevalence of hypertension [124,126,128,132-134], 
which were found closely associated to the high salt intake in a dietary habits 
study [135'. 
The worldwide decreased mortality time trend was also observed in Chinese with 
a steady incidence rates [123,131]. Therefore comments of the declined mortality 
have been made on the effective treatment, especially on anti-hypertensives. The 
autopsy analysis of 200 stroke cases, showed that a large proportion of cerebral 
hemorrhages while only 27% were cerebral infarction [136], but it may not well 
represented the overall view due to the small number of autopsy. While another 
study showed that 22% strokes were cerebral hemorrhages and 72% were 
cerebral infarction among ten thousands residents in a population study [125]. It 
is concluded that cerebral hemorrhages are relatively more common in Chinese 
than in whites. 
2.7 Asymptomatic Intracranial Stenosis in Asian Subjects 
2.7.1 Asymptomatic individuals 
Prevention among those without prior transient ischemic attacks or stroke, i.e. 
primary prevention is very important since a major stroke is lethal and recurrent 
stroke is always likely to happen. It is crucial to examine those asymptomatic 




2.7.2 Intracranial occlusive disease 
Cranial vascular occlusive disease is commonly happened within extracranial 
carotid and large intracranial arteries. A different distribution of risk factor 
among different ethnic groups was found in many studies and this may suggest 
for the disparity in stroke subtype and vascular lesion site [69,137-140]. Besides 
that, environmental factors (the primarily diet, lifestyles) and genetic factors may 
also play a role for these racial differences in the atherogenesis location in 
cerebral artery. 
For the cerebral arterial lesion, significant different occlusive site was observed 
among whites and blacks & Orientals. Whites tend to have predominantly 
extracranial disease while blacks and Orientals are more prone to intracranial 
disease [26-28,69,140-142] — extracranial carotid artery is the most common 
lesion for whites while intracranial vascular lesion is commonly happen in the 
middle cerebral artery and internal carotid artery. Comments on the distribution 
of vascular pathology stated that thrombosis and atherosclerotic narrowing are 
commonly occurs at the origin of the ICA in the neck and so the carotid siphon is 
a frequent site for atheroma. While in Chinese and Japanese, the atherosclerotic 
plaque located mostly in MCA than in ICA [14]. This pattern is consistent with 
the finding among Chinese in Hong Kong and in Mainland China, sees the above 
section of (2.5) and (2.6). 
Atherosclerosis - a disease of aging artery and is accelerated in multiple medical 
conditions. Among cerebral infarction, large artery thrombosis is the major type 
that attribute to large artery stenosis or thrombosis due to atherosclerosis 
[143,144]. In atherosclerosis, thrombosis may form at the rough surface of the 
lesion and may be washed away as embolic which will not occlude the artery but 
may induce stroke after a longer time, the slow process of narrowing the arterial 




Report of the Working Group on Arteriosclerosis of the National Heart, Lung, 
and Blood Institute listed out the subject characteristics associated with 
atherosclerotic disease and suggested three strong risk factors - hypertension, 
hypercholesterolemia and cigarette smoking [145]. 
- H y p e r t e n s i o n is likely to accelerate the process of atherosclerosis in cerebral 
vessel [146:. 
- T h e Oslo study also showed that elevated blood pressure, increased total 
serum cholesterol and decreased HDL-cholesterol were significant correlated 
for the raised atherosclerotic lesion [147]. 
- Inves t iga t ion on the risk factors associated with atherothrombotic occlusion 
of extracranial ICA, MCA trunk and BA，concluded that smoking, 
hypertension and lower serum level of HDL cholesterol were found 
associated those with the major cerebral arteries atherosclerosis. In addition 
the prevalence of coronary heart disease, diabetes mellitus, serum level of 
HbAlc，total cholesterol, LDL cholesterol were significant higher in the ICA 
group and BA group than in the MCA group while prevalence of left 
ventricular hypertrophy was higher in the MCA group than in the other two 
groups [148:. 
- Another Japanese study also found that hypertension and HbAlc were 
significant as independent predictors for MCA lesions and thus they may 
contribute to the development of atherosclerotic lesion of MCA [149:. 
- I n a study of 352 subjects with atherosclerotic stenosis and occlusion in MCA, 
36% were Asian and two third of them were smoker while half were 
hypertensives. A higher proportion of smoking was found in the MCA 
occlusion group than the stenosis group [150:. 
- F o r comparing severe MCA occlusive disease with ICA disease, noticed that 
those MCA diseased were significantly younger, more female, more blacks, 
had less atherosclerosis, less IHD and less hypercholesterolemia than ICA 
disease [151'. 
> Identifying patients with asymptomatic intracranial stenosis may enable us to 
implement preventive measures early in this high-risk population. 
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Diagnosis of intracranial occlusive diseases can through TCD and MRA as it is 
safe and reliable, study of the prevalence of intracranial stenosis in asymptomatic 
patients with multiple risk factors is now feasible [120]. 
2.8 Transcranial Doppler Ultrasonography 
The developement of transcranial Doppler ultrasonography has proved helpful in 
making diagnosis of intracranial stenosis and may provide new insights into the 
mechanisms of ischemia. 
Transcranial Doppler ultrasonography is used along my research study. This is a 
non-invasive technique to measure the blood velocity in the major intracranial 
vessels. Using the hand-held directional low-frequency (2 MHz) probe to 
measure the blood flow velocity within the circle of Willis and vertebrobasilar 
through the temporal, orbit or foramen magnum. The mean, peak systolic and end 
diastolic velocities together with the pulsatility and resistive indices are 
calculated and displayed for the inspected vessel. Diagnosis was based on the 
detection of increased or decreased blood flow velocity, absence of the velocity, 
or changes in pulsatility or peripheral resistance. By varying the insonation depth 
and probe angle to detect different intracranial arteries. The cerebral blood flow is 
measured indirectly by taking the product of the mean velocity and the cross-
sectional area, assuming the vessel diameter does not change and the velocity 
signals are directly proportional to the flow. Conversely, for changed in lumen 
diameter happens in stenosis or vasospasm, the velocity increased under the 
conditions of constant flow [21,152]. Application of TCD including detection of 
intracranial stenosis and occlusion, evaluation of intracranial collateral circulation, 
detection of vasospasm in SAH, assessment of cerebral autoregulation, and 
documentation of progressive obstruction of the cerebral circulation [22]. 
In this two decades, TCD has be commonly used as it is non-invasive, 
inexpensive, reliably, repeatable, portable and clinical useful -
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In the early stage of stroke: 
48 patients with acute cerebral ischemia in carotid territory were examined by 
TCD within 4 hours. Findings of absence of Doppler signal when the carotid 
siphon or MCA was occluded, reduced flow velocities and asymmetry pattern 
when the occlusion was located in the terminal tract of the MCA mainstem or in 
other terminal branches. Higher flow velocities in ACA and PCA often 
accompanied with the collateral compensatory pathway [153]. In addition, TCD 
is also used to investigate the hemodynamics status in 81 patients with acute 
MCA ischemia within the first 24 hours that the CT is still negative. It was 
concluded that various hemodynamic changes in acute stroke (asymmetry MCA 
flow, occlusion and recanalization) influenced the diagnosis and therapeutic 
management. The blood flow difference is related to infarction pattern rather 
than infarction volume [154]. 
In cerebrovascular disease: 
TCD is applied with a 2 MHz transducer to identify MCA stenosis or vasospasm 
and evaluate the collateral flow across the anterior circle of Willis in those with 
extracranial carotid artery stenosis, those two were distinguished by the increased 
peak velocity and decreased peak velocity [155]. When correlating TCD with 
angiography in examining 65 patients with acute cerebral ischemia, it showed 
that TCD is accurate in Ml stenosis but less reliably for detection in intracranial 
vertebral and basilar artery stenosis [156]. Moreover for measuring the MCA 
blood flow velocity in 17 symptomatic patients with CVA, the changes in MCA 
velocity was correlated with the changes in cerebral blood flow but not the 
absolute MCA velocity for indicating the cerebral blood flow [157\ 
In middle cerebral artery disease: 
Diagnostic criterion was established for MCA occlusive and stenotic lesions from 
the hemodynamic changes of ACA, MCA (occlusive lesions and stenosis) in 61 
patients with MCA disease compared with 535 controls by TCD [158]. While 23 
acute MCA occlusion patients were assessed by TCD to diagnosis MCA 
occlusion and to observe the MCA recanalization during follow-up (observed 16 
patients with reperflision of the Ml segment resulting from recanalization or 
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embolus migration) [159]. In addition, 18 patients with 22 MCA stenoses were 
suggested for examinations with combined use of MRA and TCD, since MRA 
provides high specificity and added hemodynamic information is obtained from 
TCD in order to ensure the diagnosis of MCA stenosis and also to estimate the 
severity [160]. Furthermore in a study of 10 patients with MCA stenosis or 
occlusion, changes in ACA blood velocity was found of giving important and 
strong evidence on MCA occlusion, and may be useful in predicting the extent of 
infarction before CT becomes positive [161:. 
In internal carotid artery stenosis: 
TCD was used to evaluate the collateral blood supply in 39 cases with ICA 
occlusions and 39 subjects with less severe extracranial CVA. This study 
discovered that a well-developed collateral blood flow is a strong predictor of 
cerebral protection. Thus TCD may help to classify those at risk for cerebral 
ischemic so as to assist for further medical management [162]. Moreover using 
TCD to assess the distal hemodynamic effect of ICA stenosis on a non-stenotic 
MCA for an indirect assessment of ICA stenosis. Coexistence of reduced flow-
acceleration (>=50%) and reduced mean velocity (>=25%) in ipsilateral 
compared with the contralateral side, indicated for a high-grade stenosis or 
occlusion in ICA [163]. In addition, assessed through the ophthalmic artery to 
describe OA as a source of collateral cerebral blood supply in measuring the OA 
velocity by TCD and compared with oculopneumoplethysmography among 25 
patients with unilateral ICA occlusion and 5 normal controls. Results in both 
assessments showed the reduced systolic OA velocity ipsilateral to ICA occlusion 
against the contralateral side and the normal control, while reversed OA blood 
flow was found associated with low MCA blood velocity and lack of major 
intracranial collateral [164]. 
For progression or regression of intracranial arterial stenosis: 
Reviewed on 22 patients with 29 stenoses and compared with 11 age-matched 
controls regarding on the progression of intracranial arterial stenosis, suggested 
that intracranial arterial stenoses are dynamic lesions that can evolve stenoses and 
cause further reductions in the arterial diameters over a relatively short periods of 
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time [165]. Likewise using TCD to evaluated MCA flow patency and patterns 
through the circle of Willis in 75 acute stroke patients and noticed that those with 
normal MCA blood flow velocity within the first 4 to 24 hours associated with a 
good recovery, while stenotic velocity indicated a medium short-term recovery 
166]. Furthermore to examine the MCA blood velocity in 15 patients with 
complete hemiplegia (duration less than 12 hours), observed that 5 out of the 
seven with velocity > 30 cm/sec had complete or partial useful recovery in hand 
and arm. While among the other eight with velocity < 30 cm/sec, 1 recovered 
fully and 7 retained permanent total paralysis in hand and arm [167:. 
The major pitfall in TCD diagnosis is lack of temporal bone acoustic window as 
that may cause the unsuccessful TCD examinations due to the thick temporal 
bone that impenetrable by ultrasound waves. Norris found of 5% window failure 
in his work [168], while Wechsler and Bomstein reported with 10% and 15% 
respectively [169,170]. Studies may have extremely high or low proportion of 
absent window due to the sample characteristics, such as race, gender and the 
most important difference in age, see the box below. To overcome this, the 
accuracy of TCD diagnosis may improve with contrast agents (standard dye 
injection) that allow better penetration of the cranial bones by enhancing the 
Doppler signal. 
Study failure^ Sampling Characteristics 
Grolimund et al. [171] 2.7% Mean age of 55 years  
_ .1 1 � , n / 65% are blacks and most 
Roncketal.[156] 26 /o ob t a inab le in black women 
Kaps et al. [154] 34.6% Mean age of 67 years  
Apart from this, transcranial Doppler signal can assess the intracranial arteries to 
detect the occlusive lesions of the large basal intracranial arteries as well as 
getting information about the hemodynamic effects of extracranial occlusive 
lesions. TCD is a good diagnostic tool as its high sensitivity, specificity and 
overall accuracy rate, see the following table. 
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Aim & Objectives 
Chapter Three 
AIM & OBJECTIVES OF THE RESEARCH 
3.1 Aim of the research 
The aim of the study is to investigate the prevalence and determinants of 
asymptomatic intracranial large artery stenosis among asymptomatic Asian. 
3.2 Objectives of this research 
There are two studies conducted in here — 
Study (a) Clinic-based study of the asymptomatic patients with vascular risk 
factors for atherosclerosis. Sampling is derived from the Chinese of 
Hong Kong while only the middle cerebral artery (MCA) is 
investigated. 
Study (b) Population-based study for intracranial large artery stenosis among 
asymptomatic individuals in rural China. The subjects of the sample 
are those aged 40 years or above and are residents of that village. 
> To arrange transcranial Doppler ultrasonography (TCD) examination for the 
selected subjects and to collect the clinical interpretation on TCD. 
> To examine and compare the data on subjects' characteristics between female 
and male subjects. 
> To describe the characteristics in those detected with intracranial stenosis and 
those with normal artery and make comparison between them. 
> To identify which subject characteristics are associated with the presence of 
intracranial stenosis. 
> To establish relationship between the number of the risk indicators and the 
risk of intracranial stenosis. 
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Chapter Four 
CLINIC-BASED CROSS-SECTIONAL SCREENING IN AN URBAN 
CITY- HONG KONG SAR, THE PEOPLE'S REPUBLIC OF CHINA 
4.1 Background & Purpose 
According to the Hong Kong Special Administrative Region official figure 
produced by the Department of Census and Statistics, the provisional figures of 
the number of deaths caused by cerebrovascular disease and the death rate of year 
1998 were 3,083 and 46.1 per 100,000 population [176]. Stroke is the fourth 
leading cause of death in Hong Kong that accounts for about 10% of the total 
number of deaths (table 4.1 to table 4.3). 
丨、應golia 广---" r" ,/ 
� — �� .‘jrJ [^J 
ft3 iiti!] 广‘ \ "j 
•, (广S^Sf I ' 
V ^ � 6 _ ；例 
/-- ；KOrjEA .一 
CHINA \ 球" 
\ EAST、'乂 
‘广 7 � '> CHINA 
： 磁 i / � I / SEA 
’ ( ' ; , . � J p “ 
^•，） t �、：与？ ! b l i ： � � J 
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； Figure 4.1 The geographic location of Hong Kong in the Asia Pacific region, 
I situated at the south-eastern tip of China (source: Hong Kong in 
r Figures [176]) 
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In Hong Kong, the international classification of diseases revision is adopted 
on the death certificates and the code for cerebrovascular disease is coded from 
430 to 438, the details is listed in Appendix IV. 
1996 1997 
Rank Disease Group (total death 32,049) (total death 32.079) 
no of deaths % no of deaths % 
1 Malignant neoplasm 10,134 31.62 10,373 32.34 
Heart disease (including ^ …乃 �^ 
2 4,844 15.11 4,806 14.98 
hypertensive heart disease) 
3 Pneumonia (all forms) 3,980 12.42 4,100 12.78 
4 Cerebrovascular disease 3,102 9.68 3,026 9.43 
5 Injury and Poisoning 1,670 5.21 1,908 5.95 
Table 4.1 Number of deaths caused by the top five leading causes of death 
in Hong Kong (source: Hospital Authority - Statistical Report [177,178]) 
More details on the health figures regarding on cerebrovascular disease -
1996 1997 
Age group  
No. of deaths % No. of deaths % 
Cerebrovascular 1 ^ 1 0.03 
Disease 5-14 3 0.10 0 0.00 
15-44 80 2.58 73 2.41 
45-64 480 15.47 457 15.10 
65 and over 2,536 81.75 2,494 82.42 
Unknown 2 0.06 1 0.03 
T ^ 3,102 3,026 
Table 4.2 Number of deaths by age group in year 1996 and 1997 caused by 
cerebrovascular disease (source: Hospital Authority - Statistical Report [177,178]) 
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No. of patients � • • • � ... ^ Cerebrovascular All deaths in Standardized mortality rate discharges and deaths 
Disease Hong Kong (per 100,000 population) in HA hospitals 
1993 17,432 3,247 41.60 
1994 19,307 3,225 39.31 
1995 20,090 3,310 37.84 
1996 19,884 3,102 33.82 
1997 20,877 3,026 30.76 
Table 4.3 Morbidity & mortality (Hospital Authority) statistics and the 
standardized mortality rate of cerebrovascular disease for year 1993 - 1997 
(source: Hospital Authority - Statistical Report [177,178]) 
Among those who died of cerebrovascular disease, over 80% are aged 65 years 
old or above. Each year, stroke patients account for almost 10% of the total 
government hospital admissions. Referring to table 4.3, although the standardized 
mortality rate is kept reducing in the recent years, stroke still remains as a major 
cause of deaths and also a key cause of disability in Hong Kong, particular in the 
elderly population. 
Moreover the population of Hong Kong is in a continued aging trend [179]. The 
median age rose in the last ten years from 28.8 in 1986 to 33.6 in 1995. As a 
result of the continuously low level of fertility rate and the improved mortality 
situation, with the life expectancy at birth gradually increased from 74.1 in 1986 
to 76.0 in 1995 for male and from 79.4 to 81.5 for female, this trend leads the 
number of children aged under 15 reduced from 23.0% in 1986 to 19.4% in 1995 
while the number of elderly aged 65 or above increased from 7.7% to 9.8% in the 
same years. In order to face with this social phenomenon of aging, the primary 
aim should be to reduce stroke mortality and disability and also concentrate more 
on the disease prevention [98:. 
Hence the objective in here is to investigate the asymptomatic middle cerebral 
artery (MCA) stenosis — Middle Cerebral Artery is the most common diseased 
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cerebral artery found in Chinese [120,122]; stenosis, the vessels may be stenosed 
due to atheroma which can be symptomless and limits the blood circulation and 
predisposes to thrombosis and finally the vessel may become completely 
occluded by thrombosis that results in cerebral infarction. To study the 
association between the patient characteristics and the presence of middle 
cerebral artery stenosis among Hong Kong Chinese so as to provide a strategy for 
primary stroke prevention and also to appeal the public attention on the risk 
factors of stroke. 
4.2 Methods 
This study was a clinic-based study of those with vascular risk factor for 
atherosclerosis who belong to the high-risk group of stroke but did not suffered 
with stroke yet. 
4.2.1 Defining the population 
The population at risk is defined as those who attending the medical clinic of 
either the Prince of Wales Hospital (Shatin, New Territories) or the United 
Christian Hospital (Kwun long, Kowloon), who are suspected of having at least 
one of the following risk factors: hypertension, diabetes mellitus or 
hyperlipidemia but with no previous cerebrovascular disease. This was conducted 
between March 1993 to November 1999. There was 3414 patients who attend the 
medical clinic have been chosen but only 3134 with completed past medical 
history record and then further excluded another 60 patients as they have 
experienced previous stroke. Hence finally there was 3074 valid cases in this 
study. Those patients were chosen consecutively who go to the medical clinic 
during the recruitment period that did not had CVA or TIA before. 
The Prince of Wales Hospital (PWH) and the United Christian Hospital (UCH) 
both are major regional hospitals under the Hospital Authority (HA) located in 
New Territories and Kowloon respectively. The following table 4.4 showed the 
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number of out-patient attendance in the medical clinic of these two hospitals, 
based on the statistic in HA Statistical Report ‘97 — ‘98: 
Specialist out - patient (clinical) - in Medicine 
1997-98 Sub-total UCH (Kowloon) PWH (New Territories) 
number � k numer --二： ^ ^ ^ ^ 
New Territories 382,068 \ M M M M M . 121,535 31.81 
Table 4.4 Medical out-patient attendance in United Christian Hospital and 
Prince of Wales Hospital, and the subtotal in district Hospital Authority 
Institutions 
, 一 , . . ： … ： 桑 减 糧 》 
mm m (1 i g Ik 
I I i 1: 
Figure 4.2 A map of Hong Kong - with total area of just under 1,100 km^ 
covers Hong Kong Island，Kowloon and New Territories & Islands 
(source: Hong Kong in Figures [176]) 
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4.2.2 Procedures 
The subjects were selected either from the Prince of Wales Hospital or from the 
United Christian Hospital who attend the medical clinics during March 1993 to 
November 1999. 
FOR THOSE RHCRUTTED FROM THE PRTNCE OF WAT.ES HOSPITAL - 
They were chosen either from the Diabetic & Endocrine Center (DMEC) or 
notified by doctors or nurses in the hypertension or lipid clinic. 
1 • Those selected from the Diabetic & Endocrine Center 
Our research nurse went to the DMEC, a day before their clinic to screen the 
clinic note of those who scheduled to come for the next day clinic. So when the 
‘suitable，patients came for follow-up, they were invited at once for a quick 
transcranial Doppler (TCD) screening on the middle cerebral artery (MCA) in the 
DMEC clinic on the same day. While "suitable" patients correspond to those 
attend the medical clinics without previous stroke or TIA. For those new referral 
diabetics cases (i.e. those first-visit in DMEC with no clinic note in the center), 
our research nurse also screened them once their records be made. If there was an 
abnormal TCD finding, a full TCD examination on all the cerebral arteries is 
requested to perform in the Electrodiagnostic Unit of the Prince of Wales 
Hospital. Then a detailed report will be issued and interpreted by the neurologist 
while further treatment may be arranged. 
2. Those attending the Hypertension clinic or Lipid clinic 
The clinic research nurses and doctors are going to inform us when a suitable 
patient came to their clinic. "Suitable" means those attend the clinics without 
previous stroke or TIA. Then a scheduled transcranial Doppler examination is 
proceeded in the Electrodiagnostic Unit of the Prince of Wales Hospital after 
explaining the assessment to the patients. A complete TCD examination was 
performed by experienced operator with a screening report issued by the 
neurologist for a detailed medical interpretation. 
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FOR THOSE RECRUITED FROM THETJNTTED CHRTSTTAN HOSPITAL -
The same selection criterion was applied in the United Christian Hospital (UCH). 
The chosen patients were all the new referral patients attending to the general 
medical clinic for the disease of hypertension, diabetes mellitus or hyperlipidemia 
but with no previous cerebrovascular disease history. Cases from UCH were 
selected and recruited by one of their medical consultant and those patients were 
asked to go to the Electrodiagnostic Unit in UCH for a transcranial Doppler 
examination. Our research nurse went to there once a week to perform the quick 
TCD screening, particular on the middle cerebral artery. For those found with 
abnormal TCD reading, after discussion with the medical consultant in UCH, a 
full TCD examination will be scheduled to conduct in the Electrodiagnostic Unit 
of the Prince of Wales Hospital with the TCD reading being interpreted by the 
neurologist - identical situation as those with an initial abnormality recruited from 
the DMEC. 
There is a slightly difference in TCD screening between those recruited from 
DMEC and medical clinic of UCH compared with those selected from HT or 
Lipid Clinic. Since a preliminary TCD screening was conducted in the former 
two clinics and only those find with abnormal (together with suspected borderline 
abnormal) cerebral blood flow are proceed with a further TCD conducted in the 
EDU ofPWH. Unlike the latter clinics, all the TCD screening were scheduled to 
perform in EDU of PWH. The quality, method and examiner of the TCD 
performed in clinics and in EDU were the same, the difference was only in the 
location (examination room) of the examination. All TCD reports were issued 
and interpreted by the same neurologist. 
The following flowchart in figure 4.3，illustrated the procedure in the patients 
recruitment and the planned TCD examination: 
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From From From 
DMEC (PWH) Medical Clinic (UCH) HT Clinic or Lipid Clinic (PWH) 
f ~ \ f We new \ f Suitable cases A 
Our RN screened medical cases informed by the 
y = 二 J �c : : e s J 
i i  
TCD screening on TCD screening on MCA 
MCA performed by performed by our RN in 
our RN in the DMEC the EDU of the United  
Christian Hospital 
TCD finding oiNv TCD finding onN. 
<C MCA - normal ^ ^ MCA - normal ^ ^ 




] r Normal 
Patients information ^ finding 
record in the data file Abnormal  
finding 
y_ 5 
A full TCD examination performed in ^  







record in the data file 
p i - J f \ 
A complete database with patients characteristic and END 
TCD result for statistical analyses • for 
Statistical Result J 
Figure 4.3 Flowchart that illustrates the procedure on the subject recruitment 
and the TCD result collection 
Remarks: "suitable cases" corresponds to those attend the clinics with no CVA 
or TIA during the recruitment period. 
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4.2.2.1 Standardized TCD Report Form 
For those who received a full transcranial Doppler examination, a standardized 
TCD report form is issued (Appendix Ilia). Apart from the patients' identity, this 
form is mainly used for collecting the TCD findings on the reading of depth (in 
mm), the peak systolic velocity (in cm/s) and the mean velocity (in cm/s) for the 
cerebral arteries. In addition, a brief past medical history, current medications, 
social smoking habit, body height and weight are also requested. Hence with the 
help of the above information, the neurologist can make the clinical interpretation 
based on the TCD data more precisely. 
For those who did not receive a full TCD examination, there will be no 
standardized TCD report issued. But they are those found in normal blood flow 
velocity from either the DMEC (PWH) or medical clinic of UCH. 
4.2.2.2 Transcranial Doppler Screening 
Transcranial Doppler examination is a non-invasive, non-ionizing and portable 
technique, using a pulsed Doppler transducer to measure the velocity of the blood 
flow in the cerebral artery. This assessment can identify, localize and quantify 
stenosis in the diseased artery by emitting ultrasound and receiving the echoes 
from and by the transducer. In clinical practice, data obtained from TCD reflect 
physiologic status in the intracranial circulation - blood flow velocity, direction 
and pulsatility. In order to accurately interpret the TCD result, the data must be 
concluded aligned with other clinical status of the subject [21]. For the details of 
this technique, please refer to the Appendix I - Neuroimaging for the Transcranial 
Doppler Ultrasonography. 
During this study, a portable TCD EME companion was used to perform all the 
TCD examinations. A low frequency of 2-MHz probe is used for measuring the 
depth, the peak systolic velocity and the mean velocity of the middle cerebral 
artery through the temporal windows with the subject in a recumbent position. If 
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the acoustic window did not allowed good insonation then the transorbital 
window may used for instead. 
TCD ultrasonography can be treated as an alternative tool in the evaluation of 
patients with cerebrovascular disorders. In some cases, it may helps on making 
decision for selecting appropriate therapy to prevent or minimize the 
consequence of stroke. 
4.2.2.3 Data collected 
(a) From the transcranial Doppler reports 
Since only the middle cerebral artery status was interested in this study, just the 
result on the interpreted MCA status was used. For the statistical analyses, this is 
defined dichotomously as normal or abnormal findings and considered as the 
dependent variable. Regarding the classification of MCA stenosis, same criteria 
are used as in Wong et al (2000)* that occlusive MCA is defined as BFV above 
140 cm/s, considered together with patients' age, presence of turbulence sound. 
* WONG KS, LI H’ CHAN YL, AHUM A, LAM WWM, WONG A, KAY R — Use of 
Transcranial Doppler Ultrasound to Predict Outcome in Patients with Intracranial 
Large-Artery Occlusive Disease (Stroke 2000; 31: in press) 
(b) From the medical records 
For the missing information on the reported form, it was then collected from their 
medical record. A series of information will be collected for further analyses, 
included age, sex, identity number (only used for tracing record), the TCD 
performing date - for those detected with abnormality in their initial TCD 
screening on MCA and then followed with a complete TCD examination, only 
the date and the result of their complete TCD examination were recorded. When 
examining their medical record, the TCD performance date was set as the specific 
point of time for searching data. The information obtained from the medical 
record may also included the past medical history on hypertension, diabetes 
mellitus, retinopathy, albuminuria, ischemic heart disease, previous 
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cerebrovascular disease, social smoking habit and the measurements on the 
systolic blood pressure and the diastolic blood pressure, body height and weight, 
the waist and hip girth and also their current medication. For their medication, the 
Drug Formulary Book produced by the Pharmacy Department of the Prince of 
Wales Hospital (November 1996) was used as the guide for the grouping of drugs, 
with the updated HKIMS (MIMS of Hong Kong) as a supplementary information 
source. 
(c) From the laboratory test results 
In addition laboratory test results on the blood specimen for fasting-plasma 
glucose, hemoglobin Ale, serum lipids on total cholesterol, triglycerides, high-
density lipoprotein cholesterol and low-density lipoprotein cholesterol, and 
fibrinogen level were also recorded. 
• Disorders of carbohydrate metabolism — Diabetes Mellitus[l 80,181] 
The mainstay for diabetes mellitus diagnosis is to measure the fasting 
plasma glucose and / or random plasma glucose. In here, the fasting plasma 
glucose measurement was used as in the health subjects a precisely tuned 
homeostasis usually maintains the fasting blood glucose levels within a 
narrow range. 
The glycosylated hemoglobin (HbAlc) concentration reflects the mean 
blood sugar concentration over the past two months. Since the glycation of 
hemoglobin and other proteins is a non-enzymatic process that depends on the 
concentration of plasma glucose, monitoring the HbAlc periodically can 
indicate whether the glucose regulated under treatment. 
• Disorders of lipid metabolism — Hyperlipoproteinemia [180-182: 
In the blood stream, lipids are transported as complex particles called 
lipoprotein. Hyperlipoproteinemias are disorders of metabolism which at least 
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one elevated plasma lipoproteins. The amount of low-density lipoprotein 
(LDL) cholesterol is determined by -
Friedewald formula: LDL = TC - TG/2.2 - HDL 
where TC = total plasma cholesterol, 
TG = plasma triglyceride, 
HDL = high-density lipoprotein cholesterol 
For the case that the TG levels excess 4.5 mmol/l, the calculated LDL 
cholesterol is unreliable. LDL transports the cholesterol to tissue and blood 
vessels that is known as “bad cholesterol", elevated LDL is a risk factor for 
atherosclerotic disease. 
In my study, the elevated LDL is considered which is the type Ha 
hyperlipoprotrinemia (hypercholerterolemia) according to the WHO 
(Fredrickson) classification. 
• Hematology test - on Plasma Fibrinogen, the clotting factor [181] 
Plasma fibrinogen presents in the blood plasma acts upon by the enzyme 
thrombin to produce the insoluble protein fibrin. Fibrin is produced in the 
final stage of blood coagulation and forms the basis of a blood clot for 
clotting. 
Table 4.5 in below showed the reference interval of the above laboratory tests 
that given by the Department of Chemical Pathology and the Department of 
Hematology, Prince of Wales Hospital (PWH). 
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Fasting plasma glucose: 3.9 — 6.1 mmol/1 (desirable) 
Hemoglobin Ale: 5.1 - 6.4 % of total Hb (desirable) 
Lipids serum cholesterol: <5.2 mmol/1 (desirable) 
5 .2 -6 .2 mmol/1 (borderline high) 
> 6.2 mmol/1 (high) 
serum triglycerides: < 2.0 mmol/1 (desirable) 
serum HDL cholesterol: Male > 1.0 mmol/1 (desirable) 
Female >1.2 mmol/1 (desirable)  
serum LDL cholesterol: <3.4 mmol/1 (desirable) 
3 .4 -4 .1 mmol/1 (borderline high) 
>4.1 mmol/1 (high) 
Fibrinogen assay: 1.97-3.63 g/1 (desirable)  
Table 4.5 Reference range of the corresponding laboratory tests performed 
4.2.3 Defining the Risk Factors 
Hypertension subject -
HT subject is defined as those diagnosed with hypertension in the medical record， 
or those with elevated blood pressures of systolic blood pressure > 160 mmHg or 
diastolic blood pressure > 95 mmHg, or those with clearly stated of using anti-
hypertensive drugs in their record (code 0205 in the Drug Formulary book — 
Prince of Wales Hospital). Hypertension is classified as a dichotomous variable 
(HT or non-HT) in the database for analyses. 
Diabetes Mellitus subject -
DM subject as those documented with diabetes mellitus history in the medical 
record, or their laboratory test of fasting plasma glucose was above the reference 
range (take reference from the "WHO Consultation Report: Definition, Diagnosis 
and Classification of Diabetes Mellitus and its Complications. 1999" — consider 
fasting plasma glucose > 7.0)，or those have taken drugs used for diabetic 
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treatment (with code 0601). Diabetes is also categorized as a dichotomous 
variable (DM or non-DM). 
Hyperlipidemia -
It was considered as a three levels category — normal, borderline high and high. 
Following the reference range of the low-density lipoprotein (LDL) cholesterol 
stated above for these three levels; for those taking lipid-lowering drugs (with 
code 0212)，they were classified in the high level since lipid-lowering drug is a 
very effective drug that can alter the lipid value in a large extent. Hyperlipidemia 
is hence defined as a nominal variable. 
Ischemic heart disease -
IHD is diagnosed and documented by the medical doctors in the medical record -
an inadequate flow of blood to the heart caused by constriction or blockage of the 
blood vessels, angina pectoris is caused by the ischemia of heart muscle. This is 
classified as a binary variable (IHD or non-IHD). 
Retinopathy -
A microvascular disease that is diagnosed and stated on the medical record by the 
ophthalmic doctors. Its is a disorder of retina that result in impairment or loss of 
vision, usually caused by the damage made in the blood vessels of the retina, 
occurring as a complication of diabetes or high blood pressure. That is also 
grouped as a binary variable of tolerates with or without retinopathy. 
Albuminuria -
It is examined by the dipstick on the patients' urine, assessed by the medical 
nurses during their clinic appointment. This is the situation when serum albumin, 
serum globulin or other serum proteins presence in the urine and may associate 
with kidney disease, also an indication of diabetes. It is categorized as a 
dichotomous variable of with or without albuminuria. 
Cigarette smoking habit -
Originally it was a three-level category of non-smoker, ex-smoker and current 
smoker, defined nominally. Unfortunately there was no clear information to state 
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out how long that ex-smoker has been quitted for smoking and that made the 
above classification not well defined. To compensate this, classified it into a 
dichotomous variable as ever smoked and never smoke for the analyses. 
Obesity -
Moreover since the measurements on body height and weight, waist and hip of 
the subjects were made. The body mass index (BMI — body weight in kilogram 
divided by body height in meter, kg/m^) and the waist-to-hip ratio ( W H R — ratio 
between the waist circumference to the hip circumference) are computed for 
general and central obesity. 
4.3 Statistical Analyses 
First to define the research design then to process the statistical analyses in the 
order of descriptive summary, univariate analysis and then multivariate analysis. 
Finally based on the final fitted multiple logistic regression model to work out the 
posterior probability and the odds for the occurrence of abnormal M C A blood 
flow velocity. In addition the impact of the number of significant risk factors that 
a subject associated with and the correspondence risk of an abnormal T C D 
finding that reflects the abnormality of M C A blood flow velocity was also 
investigated. 
One of the objectives of this study is to characterize the association between the 
subject characteristics and the abnormality found in the blood flow velocity of the 
diseased M C A among those high-risk subjects in order to assist doctors for 
making early treatment that may prolong or even avoid the stroke occurrence. In 
addition to appeal the public attention on the importance on controlling risk 
factors. 
SPSS for windows (Statistical Package for Social Sciences) version 9.0 was the 
software for the statistical analyses used in this study, with aid of the GradPad 
InStat and StatMate for direct calculation on crude odds ratio and p-value for 
specific statistic. Applying the scientific convention, the statistical significance 
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level is defined at 0.05 with 2-sided. A complete description on the statistical 
methods applied was written in the Appendix I I - Statistical Methods. 
4.3.1 Research Design 
This study can be defined as an Observational study with the manner of Cross-
sectional [183] which conducted on a clinic-based sampling. 
The transcranial Doppler (TCD) examination was performed only as a diagnosis 
tools to assess the blood flow velocity in the cerebral artery thus it was an 
observational study as data were obtained by simply observing the events without 
controlling them [184]. This design was relatively inexpensive to run since the 
other relevant data (for example, past medical history) were often based on the 
reviews of existing information or information that was already collected for 
other purposes in which no addition direct intervention required. Moreover this 
was also a cross-sectional study since both the outcome (dependent variable — 
occurrence of abnormal M C A status) and the exposure (independent variable -
risk factors) was measured at the same time [185]. Hence it only provide a 
snapshot of the health details and the prevalence of the outcome event occurrence 
of the selected subjects at a specific point of time. Furthermore those subjects 
were chosen from the medical clinic of either the Prince of Wales Hospital or the 
United Christian Hospital and so it is a clinic-based population. 
4.3.2 Descriptive Summary 
For continuous factors, the characteristics of subjects were specified in mean and 
standard deviation while for categorical factors, the characteristics were 
described in proportion and valid percentage. 
4.3.2.1 Cross-tabulated between Gender 
Many studies have found that the stroke rate was usually higher in male than in 
female such as multinational epidemiological study conduced by the World 
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Health Organization — M O N I C A (Monitoring Trends and Determinants in 
Cardiovascular Disease) [10,11]; there was also several epidemiological survey 
performed on Chinese in China showed with the same difference between gender 
[125-127,130,131]. Therefore whether there was any baseline differences 
between male and female subject was tested in the beginning. 
4.3.2.2 Cross-tabulated between Normal & Abnormal MCA status 
First a summary of the T C D findings on the M C A status was listed. For 
simplification, the T C D result on the M C A status is dichotomous into normal 
finding and abnormal finding. Afterwards cross-tabulated the risk factors with the 
T C D result (in binary setting) to test for whether there was any significantly 
difference or association between the risk factors and the M C A status. 
In general, comparison on means of two groups was examined by the Student t-
test while comparison on proportions of different groups was tested by the Chi-
squared test. If the continuous variable was not from normal distribution then 
Mann-Whitney test was used for the comparison of the distribution - a non-
parametric method. While if the chi-squared assumption was insupportable then 
the Fisher's Exact test was applied for instead in comparison of the proportions 
(Notice that Fisher's Exact test was also used when calculating the crude odds 
ratio for variables with more than two categories in using the InStat.) In addition, 
graphical displays as histogram, boxplot or some other plots were used for visual 
illustration of the data property. Details of the descriptive statistics were 
introduced in Appendix n (A.2.1). 
In order to test for the normality in the data property, one-sample Kolmogorov-
Smimov and Kolmogorov-Smimov (Lilliefors) test were used while for the 
sample with observations less than 50, the Shapiro-Wilk test was computed in 
SPSS automatically. Moreover P-P plot or Q-Q plot can also indicate the 
normality attribute in a graphical visualized way. 
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4.3.3 Measures for Association 
The odds ratio is used to measure the association between the explanatory 
variables and the outcome variable. Moreover the 95% confidence interval and 
the corresponding p-value was also calculated for the assessment. 
Odds ratio is defined in terms of odds of the outcome in the two groups and that 
was difference with the relative risk that is defined in terms of the probability of 
the outcome occurrence. Relative risk (RR) is mostly used in prospective study 
but the study in here is not in a prospective manner and thus O R is applied for 
instead, while probability can also be derived from the odds under certain 
assumption. 
4.3.3.1 Univariate analysis 
The odds ratio (crude odds ratio or called unadjusted odds ratio) can be computed 
either from the 2x2 contingency table or the univariate logistic regression model 
with the 95% confidence interval and associated p-value. The interpretation on 
odds ratio - it is a measure of association that approximates the likeness that the 
outcome to be occurred (y = 1) among the exposure group (x = 1) in compared 
with the outcome to be occurred among the non-exposure group (x = 0). More 
information of the mathematical introduction was given in Appendix II (A.2.2.1). 
In here, the outcome event was determined as the abnormal result found in the 
T C D examination on the middle cerebral artery, i.e. abnormality blood flow 
velocity in the M C A . 
4.3.3.2 Multivariate analysis 
As the odds ratio obtained from the univariate analysis showed only the 
association between the outcome variable and the explanatory variable - one at a 
time and thus this crude odds ratio may not be able to provide a whole 
explanation of the effect, ignoring the confounding variable may give rise to a 
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statistical artifact [186]. Confounding variables are those variables that closely 
associated with both the outcome variable and some other explanatory variables 
and hence it is important to account the adjustment made on confounding 
variable in the analysis so as to avoid of making wrong inferences [187]. This 
may be accomplished by the multiple logistic regression analysis to produce the 
adjusted odds ratio. 
"Logistic regression quantifies the association between risk factor (or treatment) 
and a disease (or any event), after adjusting for other variables. " [188] 
"Multiple logistic regression analysis is used to calculate the probability of an 
event happening as a function of several independent variables ... is appropriate 
when the dependent variable (outcome) is dichotomous ... "[187] 
Three approaches were exercised in here for the combination of explanatory 
variables in the final multiple logistic regression model — 
(a) Model contains with all explanatory variables 
(b) Stepwise models (Forward & Backward methods) 
(c) Model form the model-building strategy contains only those explanatory 
variables with p < 0.25 in the univariate analysis 
More description on the included explanatory variables in the model — the 
selection and exclusion criteria was showed in Appendix II (A.2.2.2a). The 
computation of the logistic regression is derived from the iterative procedure of 
maximum likelihood method. 
The data layout in m y database was in a case-by-case structure. While the coding 
type for dummy variable was in the referent group type, i.e. for a three-levels 
category with level 3 as the reference group and the coding is (1，0,0), (0,1,0) and 
(0,0,0) for level 1, level 2 and level 3 respectively. The adjusted odds ratios 
derived were used to estimate the effects of each explanatory variable on the 
abnormal blood flow velocity in the diseased M C A . 
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In order to assess the adjusted odds ratio in the multiple logistic regression model, 
Wald statistic was used — for the details，please refer to Appendix II (A.2.2.2b). 
Moreover to assess the regression model, the model classification table, 
likelihood ratio test and the Hosmer & Lemeshow goodness-of-fit test were 
applied - details was given in Appendix II (A.2.2.2c). 
4.3.4 Modeling the Risks 
Multiple logistic regression analysis can be used to calculate the probability of 
the occurrence of the outcome event as a function of several independent 
variables [187] assumed with equal prior probabilities, but not for case-control 
study. Thus the posterior probability of the risk of the happening of the outcome 
event can be derived and so as the odds of the individual having the outcome 
event based on the personal characteristics. (Details showed in Appendix II -
A.2.3) 
4.3.5 Influence of the number of associated risk factors on the MCA 
status 
Subsequent to the identification of the statistically significant risk factors in 
logistic regression modeling, the association between the number of risk factors 
that a subject tolerates with was investigated. First tabulated the prevalence of 
abnormal M C A status with the number of risk factors that associated with then 
applied the logistic regression to compute the odds ratio on the likeliness of 
abnormal M C A status. 
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4.4 Result 
4.4.1 Baseline characteristics of all screened subjects by Gender 
There were 3074 valid cases in which 1820 (59.2%) were female and 1254 
(40.8%) were male. The characteristics for female and male subjects were 
gathered in table 4.6. 
Significant difference was found in age, body mass index and waist-to-hip ratio 
between female and male, that female was observed with an older age, larger 
B M I and smaller W H R than male. Moreover there was significant association in 
hypertension, hyperlipidemia and smoking that more female hypertensives, more 
female subjects in the hyperlipidemia-high category but more male subjects in the 
borderline high category; in addition there was much more male cigarette 
smokers than female. 
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Female Male 
Characteristic n=1820 (%) n=1254 (%) p* OR 95% CI 
Age mean (SD) 56.15 (11.21) 55.26 (11.11) 0.03 § - Equal variances assumed 
95% CI for mean 55.63 - 56.66 54.65 - 55.88 
median 57.00 56.00 0.03 # 
25 - 75 percentiles 47.00 - 65.00 46.00 - 64.00 
min - max 26.00 - 78.00 29.00 - 81.00 
Tests of Normality (p < 0.001) f (p < 0.001) t 
(p< 0.001) t (p< 0.001)本 
Hypertension 1084 (59.6) 641 (51.1) <0.01 0.71 0.61 0.82 
Diabetes mellitus 1569 (86.2) 1102 (87.9) 0.21 1.15 0.93 1.44 
Hyperlipidemia 0.02 
High 493 (27.1) 282 (22.5) 0.04 (fe) 0.81 0.67 0.98 
Borderline High 491 (27.0) 367 (29.3) 0.52 (fe) 1.06 0.89 1.28 
Ischemic Heart Disease 52(2.9) 32 (2.6) 0.58 0.88 0.56 1.38 
Retinopathy 338 (18.6) 230 (18.3) 0.76 0.97 0.81 1.17 
Albuminuria 413 (22.7) 320 (25.5) 0.90 1.16 0.98 1.37 
Ever cigarette smoked 119(6.5) 702 (56.0) <0.01 1 8 . 4 8 1 4 . 8 7 22.96 
ex - smoker 62 352 
current smoker 57 
BMI mean (SD) 25.06 (3.91) 24.66 (3.42) < 0.01 § _ 巳口口二二㊀曰 not 
95% CI for mean 24.87 - 25.24 24.46 - 24.85 
median 24.67 24.53 0.05 # 
25 - 75 percentiles 22.31 - 27.39 22.46 - 26.63 
min - max 15.24-43.86 14.16-43.60 
Tests of Normality (p < 0.01)卞 （p < 0.01) f  
(p<0-01) t (P = 0-03) t  
WHR mean (SD) 0.87 (0.06) 0.91 (0.06) < 0.01 § " n o t 
95% CI for mean 0.86 - 0.87 0.91 - 0.91 
median 0.86 0.91 < 0.01 # 
25 - 75 percentiles 0.82 - 0.91 0.87 - 0.95 
min - max 0.53- 1.15 0.68- 1.30 
Tests of Normality (p < 0.01)卞 （p = 0.20) f  
(p = 0.09) t (P = 0-83) t  
* Without otherwise stated, the p is derived from chi-squared for association 
§ T-test for equality of means 
# Non-parametric method : Mann-Whitney U Test 
(fe) Fisher's exact test - performed in GraphPad InStat 
t Test of Normality - Kolmogorov-Smirnov with Lilliefors Significance Correction 
t Test of Normality - One Sample Kolmogorov-Smirnov Test 
Table 4.6 Baseline characteristics of the chosen Hong Kong Chinese by sex 
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4.4.1.1 Age by Gender 
The overall mean age was 55.8 years old with standard deviation of 11.2 years. 
Among the male, the average age of 55.3 (SD 11.1) while a significant older 
average age of 56.2 (SD 11.2) was observed in female. 
The parametric test: T-test for equality of means showed with p-value of 0.03 and 
the Levene's test for equality of variances gave a p-value of 0.84. This concluded 
with a non-significant difference in the variances between the gender so followed 
with the pooled-variance t-test and deduced with a significantly mean age 
difference between the gender. On the other hand the non-parametric test: Mann-
Whitney U test found with U = 1087412 and the p-value of 0.03 in which that 
represented for a statistically significant difference in the age distribution with 
i W 二 • a n d i w 二 1254. 
Boxplot of Age Error bar on the 95% CI of Age 
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Figure 4.4a (Left) Box-and-whisker plot of age by sex; (Right) Error-bar of the 
mean and 95% CI of age by sex 
Above plots showed that both the median, mean, 25^ percentile, percentile 
and the 95% confidence interval were higher in female than in male participants. 
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Histogram Histogram 
For SEX= female For SEX= male 
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Figure 4.4b Frequency histograms of age for female and male 
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Figure 4.4c P-P plots of age for female and male 
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For normality distributed variable, the observations should be stay on the 
diagonal straight line in the Normal P-P plot and scattered randomly around the 
zero line in the detrended normal plot. The above graphics showed both the age 
in female and in male were not quite normally distributed. A consistent result 
with the classic statistical test ofp < 0.01 stated in the table 4.6. 
4.4.1.2 Medical History of HT, DM, Hyperlipidemia, IHD, Retinopathy 
and Albuminuria by Gender 
The prevalence of diabetes mellitus, ischemic heart disease, retinopathy and 
albuminuria were 86.0%, 2.8%, 18.6% and 22.7% V S 87.8%, 2.6%, 18.3% and 
25.5% among the female and male subjects respectively. They were found with 
no statistical association with the gender, the respective p-values were 0.18，0.58, 
0.76 and 0.90. 
But there was statistically significant association in hypertension and 
hyperlipidemia between gender. 
- For hypertension, there was 59.6% in female against 51.1% in male with 
p < 0.01，there was more female hypertensives than male hypertensives in 
the study sample. 
- Within the hyperlipidemia category - High level (those with lipid-
lowering drugs or those with L D L > 4.1 mmol/1) and Borderline high 
level (those without lipid-lowering drugs and with L D L between 3.4 
mmol/1 to 4.1 mmol/1). The overall p-value for hyperlipidemia was 0.02 
with 27.1% and 27.0% V S 22.5% and 29.3% for the high and borderline 
high level in female and male respectively, the p-values of 0.04 and 0.52 
in the high and borderline high levels. That indicated the significant 
difference was mainly happened in the high category that observed with 
more female than male. 
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4.4.1.3 Social habit in Smoking by Gender 
Based on the self-reported data, there was only 6.5% ever cigarette smoked in 
female while more than a half (56%) in male, the associated p-value < 0.01 
represented a very strong significant association. 
The following cluster bar chart (figure 4.5) denoted the proportion of above risk 
factors between gender. In which a significant difference was found in 
hypertension, the high category of hyperlipidemia and cigarette smoked. 
Risk Factors on Female & Male 
80 
70 -— 
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Risk Factors 
Figure 4.5 Cluster bar chart of the percentages of the clinical characteristics 
a m o n g female and male patients 
Note - Statistical analysis has shown there was more hypertension, 
hyperlipidemia and never smoked subjects in female than in male. But this study 
was not sampled from the random Hong Kong population and hence no 
interpretation can be made for our society. The above findings were derived form 
clinic-based sampling and can only interpolate to clinic-based population. 
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4.4.1.4 Body Mass Index and Waist-to-Hip Ratio by Gender 
Body Mass Index and Waist-to-Hip Ratio were the two anthropometric index 
used for the general and central obesity measurement. 
For the body measurement on height and weight, there were 92 and 51 missing 
measurements in female and male and that made 143 unknown body mass index. 
The mean value of B M I was found with significant higher in female than in male 
subjects 25.1 kg/m' (SD 3.9 kg/m') V S 24.7 kg/m' (SD 3.4 kg/m'). The 
parametric t-test found with p < 0.01 under Levene's test with p < 0.01 — 
represented of a statistically significant difference in the mean using the separate-
variance t test as the hypothesis of equality of variances was rejected. But it was 
only marginal significant in the non-parametric method, Mann-Whitney U test 
with a U of 995810.5 with p = 0.05 while sample size iifemaie = 1728 and n^ ie = 
1203. 
Boxplot of BMI Error bar on the 95% CI of BMI 
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Figure 4.6a (Left) Box-and-whisker plot of BMI by sex; (Right) Error-bar of the 
m e a n and 9 5 % CI of BMI by sex 
Symbols use in the boxplots - “0” represents outliner and “*，，represents extreme. 
In BMI, female was found with a higher median, mean and 95% CI than male 
while the inter-quartile range in female had a lower lower-bound and a higher 
upper-bound than male. 
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Normal P-P Plot of BMI Detrended Normal P-P Plot of BMI 
For SEX = female For SEX = female 
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Figure 4.6b P-P plots of BMI for female and male 
From the above P-P plots, both the B M I for female and male were not quite 
normally distributed as the observation data point did not entirely fall on the 
diagonal line consistent with the formal test showed in table 4.6. 
In the other body measurement of waist and hip, there was even more in-
completed information since the usual practice in medical clinic was to measure 
just the body height and weight excepted in the diabetes clinic. With 671 and 463 
unknown waist-hip ratio number in female and male respectively as those with 
W H R collected were mainly the diabetics from the D M clinic and there was over 
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30% missing values that may mislead in the result. Hence those collected W H R 
data should only be considered as an outlook rather than studied in deep. 
An opposite observation was found that the female mean W H R was lower than 
male 0.87 (SD 0.06) V S 0.91 (SD 0.06). The parametric t-test found with p < 
0.01 under Levene's test with p < 0.01 — represented of a statistically significant 
difference in the mean W H R under the separate-variance t test. The same result 
of significant difference was found in the non-parametric method, Mann-Whitney 
U test gave a U of 263675 with p < 0.01 while sample size iifemaie = 1149 and n^ie 
=791. 
Boxplot of WHR Error bar on the 95% CI of WHR 
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Figure 4.7a (Left) Box- and-whisker plot of WHR by sex; (Right) Error-bar of 
the mean and 95% CI of WHR by sex 
Symbols use in the boxplots - “ 0 ” represents outliner and “*，’ represents extreme. 
W H R in female was found with a lower median and mean. In which there was no 
overlapping region in the two 95% CI of the W H R mean that the CI in male was 
much larger than CI in female. 
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Normal P-P Plot of WHR Detrended Normal P-P Plot of WHR 
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Figure 4.7b P-P plots of WHR for female and male 
The W H R observation in male was quite normally distributed as it lies on the 
diagonal line of the P-P plots but not for the W H R observations in female. 
Hence for considering B M I together with W H R , the sampling subjects showed -
Female had a larger B M I with a smaller W H R than male in this Hong Kong 
clinic-based population. 
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4.4.2 Diseased Middle Cerebral Artery 
The status of the diseased middle cerebral artery (MCA) was measured by 
transcranial Doppler ultrasonography performed by an experienced technician 
with the result was assessed by neurologist under the aid of subject's medical 
history. 
Among the 3074 participants, 10 of them did not have the T C D examination due 
to individual reasons and another 7 subjects with the result lost see table 4.7. 
Since further follow-up monitoring may request and (not for investigation in here) 
thus the independent subjects were preferred and selected for the screening. ) 
WITH NO TCD EXAMINED (10) LOST TCD ( 7 ) 
Wheel Chair 4 
Blind 2 
Metal Retard 1 
Ischemic Heart Disease 1 
Transient Ischemic Attacks 1 
Head Injury 1 
Table 4.7 Reasons for those participants without TCD interpretation 
Hence there was only 3057 subjects with T C D screening on the M C A blood flow 
velocity. Among them, there were 385 abnormal finding (valid percentage of 
12.6%) and 2672 normal finding subjects (87.4%). Description on the 
abnormality T C D findings in the M C A was stated in table 4.8. 
MCA No. of Total No. of Problem Side 
Status Subjects Problem Artery Left Right Bilateral 
NORMAL 2672 0  
ABNORMAL 385 558 104 108 173 
Table 4.8 Status of the middle cerebral artery (MCA) from the TCD report 
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During the T C D examination, a gel-coated transducer was placed just anterior to 
the external auditory canal through the transtemporal window to identify the 
insonated site at which the strongest Doppler signal can be detected. If there was 
no clear temporal window, orbital window may be assessed by applying the gel-
coated transducer to the closed eyelid for instead. Following to the vessel 
identification criteria [21] M C A can be distinguished easily. Table 4.9 showed 
the condition of the temporal window in all screened participants. 
S U B J E C T S 
T E M P O R A L W I N D O W  
(N=3057)  
Clear (ie. normal) 2109 68.99% 
Poor temporal window(s) left 4 0.13% 
right 16 0.52% 
bilateral 73 2.39% 
No temporal window(s) left 51 1.67% 
right 58 1.90% 
bilateral 746 24.40% 
Table 4.9 Condition of the temporal windows of all examined H K subjects 
4.4.3 Characteristics between subjects with Normal TCD result and 
Abnormal TCD result in the MCA status 
With reported on the diseased M C A in the previous section (4.4.2)— 
There were 2672 subjects found with normal T C D finding and 385 with 
abnormal T C D findings in the M C A . The characteristics of those with normal 
M C A status compared with those had abnormal M C A blood flow velocity were 
described in table 4.10. 
There was significant difference in age, hypertension, hyperlipidemia, ischemic 
heart disease, retinopathy, albuminuria, and body mass index between those with 
abnormal M C A blood flow velocity and those normal subjects. 
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No. (%) of subjects No. (%) of subjects 
With Normal TCD with Abnormal TCD p * 
Characteristic (n=2672) (n=385)  
Age Mean (SD) 55.22 (11.16) 59.65 (10.47) < 0.01 § 
95% CI for mean 54.79 - 55.64 58.60 - 60.70 
Median 56.00 63.00 < 0.01 # 
25 - 75 percentiles 46.00 - 64.00 52.00 - 67.50 
min - max 26.00-81.00 31.00-79.00 
Tests of Normality (p< 0.001)卞 (p< 0.001)卞 
Male 1102(41.2) 144 (37.4) 0.15 
Hypertension 1438 (53.8) 278 (72.2) <0.01 
Diabetes mellitus 2314 (86.6) 340 (88.3) 0.34 
Hyperlipidemia < 0.01 
High 637 (23.8) 133 (34.5) < 0.01 (fe) 
Borderline High 745 (27.9) 109 (28.3) 0.13 (fe) 
Ischemic Heart disease 60 (2.2) 23 (6.0) <0.01 
Retinopathy 463 (17.3) 103 (26.8) <0.01 
Albuminuria 621 (23.2) 109 (28.3) < 0.01 
Ever cigarette smoked 710 (26.6) 105 (27.3) 0.76 
ex - smoker 345 64 
current smoker 365 41 
BMI Mean (SD) 24.97 (3.72) 24.29 (3.70) < 0.01 § 
95% CI for mean 24.83 - 25.12 23.91 - 24.67 
Median 24.68 23.95 < 0.01 # 
25 - 75 percentiles 22.46 - 27.09 21.99 - 26.40 
min - max 14.16-43.86 15.24-37.48 
Tests of Normality (p<0.01)卞 (p = Q .01)t  
WHR Mean (SD) 0.88 (0.07) 0.88 (0.07) 0.92 § 
95% CI for mean 0.88-0.89 0.87-0.89 
Median 0.88 0.88 0.85 # 
25 - 75 percentiles 0.84 - 0.93 0.84 - 0.94 
min - max 0.53- 1.30 0.71 - 1.09 
Tests of Normality (p = 0.20) f (p = 0.20) t  
* Without otherwise stated, the p is derived from chi-squared for association 
(fe) Fisher's exact test 
§ T-test for equality of means 
# Non-parametric method : Mann-Whitney U Test 
t Test of Normality - Kolmogorov-Smirnov with Lilliefors Significance Correction 
Table 4.10 Cross-tabulation and association between the characteristics of 
patients and the T C D result on M C A status 
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4.4.3.1 Age 
There was very strong significant difference in age between those with normal 
M C A status and those with abnormal M C A blood flow velocity, significant older 
mean age was observed in the abnormal group. The mean age 土 SD was 55.2 土 
11.2 years in the normal T C D category and 59.7 土 10.5 years in the abnormal 
T C D category. 
Statistically significant was found in both the parametric method and the non-
parametric method. In the parametric T-test for equality of means, p < 0.01 while 
the Levene's test for equality of variances with p < 0.01, this concluded with a 
significant difference in the mean age under the separate variance t-test. On the 
other hand, the non-parametric method of Mann-Whitney U test showed with U 二 
394163 and p < 0.01 while the sample sizes were i\ormai = 2672 and n^ bnommi = 385. 
Boxplot of Age Error bar on the 95% CI of Age 
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Figure 4.8a (Left) Box-and-whisker plot of age by M C A status; (Right) Error-
bar of m e a n and the 9 5 % CI of age by M C A status 
The mean, median, percentile and percentile of age in the M C A 
abnormal group were all larger than normal group. There was a distinct 
difference between them in the 95% CI of the mean age. 
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Histogram Histogram 
For MCA status = NORMAL For MCA status = ABNORMAL 
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Figure 4.8b Frequency histograms of age by M C A status 
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Figure 4.8c P-P plots of age by M C A status 
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The age distributions in both the normal and abnormal M C A groups were not 
quite normally distributed as they did not quite lie on the diagonal line of the P-P 
plots and also the detrended normal plots were not randomly scattered as for 
classical normal data does. This agreed by the formal statistical test for normality 
stated in table 4.10. 
W e estimated that the risk of having abnormal cerebral blood flow velocity in age 
is not in a simple constant rate, and that older age subjects are in a higher risk 
than in the younger ones. Therefore we classify the factor of age into four age 
groups and define it as categorical variable -
Cluster Bar Chart: Age 
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Figure 4.8d Cluster bar chart of the percentages of age group for the T C D 
normal group and the abnormal group in M C A status 
The above bar chart illustrated that the percentage of subject with abnormal M C A 
blood flow velocity that cluster more in the eldest group that was increased with 
increased age group. 
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4.4.3.2 Gender 
No significant association was shown between gender and the M C A status. There 
was 41.2% of male in the normal result V S 37.4% in the abnormal result with p 二 
0.15. 
4.4.3.3 Medical History of HT, DM, Hyperlipidemia, IHD, Retinopathy 
and Albuminuria 
The prevalence of hypertension, hyperlipidemia, ischemic heart disease, 
retinopathy and albuminuria were all found with statistical association with the 
abnormal M C A status while non-significant association was found in diabetes 
mellitus, 86.5% V S 88.3% for the normal and abnormal M C A blood flow 
velocity with p-value of 0.34. 
- For hypertensives, there was 53.8% V S 72.2% in the normal and 
abnormal M C A status respectively with p-value <0.01. Thus very strong 
statistical association found between. 
- For hyperlipidemia, there was an overall p-value < 0.01. 
By considering just the high level (with L D L > 4.1 mmol/1 or with 
medication of lipid-lowering drugs) there was 23.8% VS 34.5% in the 
normal against the abnormal blood flow velocity in the M C A with p-value 
< 0.01 very strong significant association. While in the borderline high 
level (with L D L range in 3.4 to 4.1 mmol/1 under no lipid-lowering 
medication) there was 27.9% VS 28.3% in the normal against abnormal 
M C A groups, the associated p-value was 0.13 non-significant association 
found. Hence the significant was mainly due to the hyperlipidemia high 
level. 
- Ischemic heart disease, there were 2.2% V S 6.0% in the normal and 
diseased M C A groups, showed with a very strong significant association 
that p < 0.01. 
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- Among retinopathy and albuminuria, there were 17.3% V S 26.8% and 
23.2% V S 28.3% in the normal against the abnormal M C A groups 
respectively with all the corresponding p-value < 0.01 hence illustrated 
with a strong significant association. Retinopathy can be a complication 
of diabetes while albuminuria always happen in diabetes patients. 
4.4.3.4 Social habit in cigarette smoking 
Statistical test showed with non-significant association in the ever smoked -
26.6% V S 27.3 in normal M C A against abnormal M C A status with p 二 0.76. 
The succeeding cluster bar chart (figure 4.9) showed to the proportion of the 
above subject characteristics with the T C D result on the M C A status. 
Risk Factors vs TCD result 
90 -j  
8 0 ^  
70 — 
(D 6 0 — 
O) r -w 50 r — I 40 ^  I fo ： t ： ^ r n m 
10 - I - — - | - | - • - Figure 4.9 
0 I 丨 • | l _ i 丨 丨 丨 丨 圓 ‘ 丨 Cluster bar-chart 
Z 务 ^ 渗 / of the percentages 
^o^ ^ Of the risk factors 
身' for the Normal and 
0<f》 _ Normal M C A Abnormal M C A 
Risk Factors •Abnormal MCA groups 
The largest difference was found in hypertension, then followed by the high-level 
hyperlipidemia, retinopathy, albuminuria and ischemic heart disease. The high 
percentages of diabetes mellitus in both normal and abnormal groups may due to 
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the large proportion of subjects were selected from the diabetes clinic and also 
that D M was commonly found in other clinics too. 
There was totally 3074 participants selected -
• From D M Clinic: 1955 (63.9%) 
• From H T or Lipid Clinic: 393 (12.8%) 
• From U C H Medical: 726 (23.6%) 
Subjects from - * Diabetes * Hypertension * Hyperlipidemia • Crosstabulation 
Count    
DIABETES 
Non -
HYPERLIPIDEMIA HYPERTENSION DM DM Total 
Normal Non - HT 1. DM-Clinic (PWH) T 368 372 
2. HT/Lipid (PWH) 3 64 67 
3. Medical (UCH) 5 83 
T r f 1. DM-Clinic (PWH) 2 i ^ � 
2. HT / Lipid (PWH) 27 38 65 
3. Medical (UCH) 73 61 
Borderline high Non - HT 1. DM-Clinic (PWH) 2 2 7 7 m ) 
2. HT/Lipid (PWH) 36 36 
3. Medical (UCH) 2 36 
"Tr f 1. DM-Clinic (PWH) 2 ^ � 
2. HT/Lipid (PWH) 24 30 54 
3. Medical (UCH) 45 50 一 
T i i ^ Non - HT 1. DM-Clinic (PWH) 2 208 i T i � 
2. HT/Lipid (PWH) 21 38 59 
3. Medical (UCH) 12 27 
"TTf 1. DM-Clinic (PWH) 275 i 7 ^ � 
2. HT/Lipid (PWH) 34 50 84 
3. Medical (UCH) 67 | 39 | 106 
Table 4.11 S P S S output o n the cross-tabulation of Diabetes, Hypertension 
a n d Hyperlipidemia from the three clinics 
The above table 4.11 summarized that diabetes mellitus was always happened in 
hypertensives and in hyperlipidemia subjects while the vice versa was not quite 
the same. The following 100% stacked column charts in figure 4.10 (a-f) 
illustrated that finding easily in graphical display - the number on each bar 
represents the actual number of D M and non-DM subjects from each chosen 
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Figure 4.10 (a-f) 1 0 0 % Cluster stacked bar-chart of the proportions of D M & non-
D M in the three origins, with associated H T and Hyperlipidemia 
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4.4.3.5 Body Mass Index and Waist-to-Hip Ratio 
There was significant difference in the B M I but not in the W H R among those 
detected with normal M C A status and abnormal M C A blood flow velocity. 
In body mass index, the mean value between those with normal result (mean 土 
SD: 24.97 士 3.72 kg/m^) and those with abnormal result (mean 土 SD: 24.29 士 
3.70 kg/m^). T-test for equality of mean gave the p-value < 0.01 under pooled-
J 
variance t test (Levene's test for equality of variances with p 二 0.89). Mann- : 
Whitney U test yielded U = 48115.5 and associated to p < 0.01 with sample size 
nn。nnai = 2547 and = 367. This result implied that significant difference on 
B M I was found between the normal and the abnormal M C A groups in which a 
lower B M I was found in the abnormal M C A groups, see figure 4.11a. 
Boxplot of BMI Error bar on the 95% CI of BMI 
5(> 25.2 — 
„ 25.0 n 
I X 
40 I 24.8 
— I — I I 24.6 ~ T ~ 
X ^ 
I 30 I, I 24.4 丨I I 
I I I 1 24.2 “ 
! 2 � I ^ 24.0 — — 
CQ 10j N = 2547 367 
N = 2547 367 NORMAL ABNORMAL 
NORMAL ABNORMAL 
MCA status 
MCA status interpreted by TCD 
Figure 4.11a (Left) Box-and-whisker plot of BMI by M C A status (Right) Error-
bar of the m e a n and 9 5 % CI of BMI by M C A status 
Symbols use in the boxplots - “0” represents outliner and “*，，represents extreme. 
Dividing the continuous B M I into quartiles for easily interpreted result - those 
detected with abnormal M C A blood flow velocity was clustered more in the 
lighter quartiles (first and second) illustrated in the following figure 4.1 lb. 
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Cluster Bar Chart: Body Mass Index 
m T C D Normal • T C D Abnormal 
35 
30 H  
o 2 5 E S i f " M 
g> ^^ 二 • 二 • 懇 
1 2 � - t _ t i i _ � 
s i^iC F® 
：^：漏 二 • mm 
1st 2nd 3rd 4th 
BMI in Quartiles 
Figure 4.11b Cluster bar chart of the percentages in BMI quartiles for the T C D 
normal group and the abnormal group on the M C A status 
The above chart illustrated that the percentage of subject with normal and 
abnormal M C A blood velocity in each quartile of B M I — the proportion of subject 
with abnormal M C A was consistently decreased when B M I increased. 
Commonly we expected that the risk of disease is associated with obesity (i.e. 
large BMI) and hence confounding variable may be existed in here. With 
suspected that lower B M I maybe due to the confounding smoking factors since 
smokers were usually lean. 
In order to find the confounder between the lower B M I associated to the higher 
likeliness of abnormal M C A blood flow velocity, statistical test of t-test and one-
way A N O V A were used in addition with the corresponding non-parametric 
method of Mann-Whitney U-test and Kruskal-Wallis test. The descriptive 
summary of the mean B M I was showed in table 4.12a with graphical display in 
figure 4.11c. The result of the statistical test was stated in table 4.12b. 
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Mean of BMI  
Age group - Rank from the smallest 
< 45 25.50 4 
45 - 54 25.21 3 
55 - 64 24.45 1 
> = 6 5 24.63 2 
Male 24.66 < Female 25.06 
H T 25.43 > non H T 24.19 
D M 24.83 < non D M 25.35 
IHD 25.08 > non IHD 24.92 
Ever 24.59 < Never 25.01 
Hyperlipidemia - Rank from the smallest 
High 24.99 2 
Border (H) 25.05 3 
Normal 24.72 1 
Table 4.12a Descriptive s u m m a r y on BMI by subject characteristics 
Means Plot Means Plot 
25.6| 25.11  
25.2 ^ ^ 25.0 
I 25.0 \ I / 
.“.8 \ 广 / 
1 24.6 V ^ , I 24.8 / 
° 24.4 c / 
I 24.2 丨 _ _ I 24.7t  
<45 45-54 55-64 >=65 Normal Borderline high High 
Age group Hyperlipidemia 
Figure 4.11c (Left) Means-plot of BMI a m o n g the four-level age group; (Right) 
Means-plot of BMI a m o n g the three-level of hyperlipidemia 
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BMI vs. Parametric Test Non-parametric Test 
Pearson Correlation Spearman's rho 
(for correlation) (for correlation) 
Statistics p Statistics p  
Age -0.12 <0.01 -0.10 <0.01 — 
T-test Mann-Whitney 
(comparison of two means) (comparison of two groups) 
p of Levene's p of T-test Z p  
Male <0.01 <0.01 -1.93 0.05 
H T 0.01 < 0.01 -8.96 < 0.01 
D M 0.79 0.01 -2.91 <0.01 
IHD 0.70 0.70 -0.55 0.58 
Ever Smoked 0.10 <0.01 -2.03 0.04 
Oneway ANOVA Kruskal-Wallis 
(comparison of the means) (comparison of the groups) 
Mean diff. (i-j) p (Bonferroni) chi-square p  
Hyperlipidemia t 5.07 0.08 
Normal (i) 
Border-High ⑴ -0.32 0.19 
High (j) £ £ 7 
卞 test of Homogeneity of Variances of BMI in Hyperlipidemia: p = 0.142 
Table 4.12b Statistical result on the association or difference on BMI a m o n g 
the factor groups 
i 
B M I was found with significant correlated with age - the elderly tends to have 
lighter BMI. While HT, D M were found with significant association but their 
effect were in opposite direction (HT subjects found with higher B M I than non-
H T while D M subjects found with lower B M I — unfortunately not enough 
information to explain this observation completely. But expected that the 
hypertensives do less exercise than the non-hypertenives due to the 
uncomfortable of elevated blood pressure when having exercise. While those D M 
patients have closely monitoring and well control in their body weight in the D M 
clinic). In addition smoking was found with significant association with B M I that 
smokers has lower B M I than non-smokers, it can be explained that cigarette 
smoking is hazard to health. 
Page 74 
Asymptomatic Patients (Hong Kong) 
Considering the two significant effects，age and smoking together to produce the 
following cluster box-plot and cluster error-bar on BMI. Result showed no matter 
the smoking group or the non-smoking group, the elder one observed with a 
lower B M I than the younger one; and also despite which age group, the smokers 
always had a lower B M I than the non-smokers (figure 4.1 Id and 4.lie). 
Cluster Boxplot 
501 
* * o „ ‘ 
4 A 〇 * I 
40 o 8 tt ° ‘ 
早 _ ! _ § 〇 〇 〇 8 q age group Figure 4.11d ！ 
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g 20 
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g 10 • >=65 cluster of age 
N =450 540 609 523 135 178 234 249 group 
Never Ever 
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Cluster Error bar 
26 .5 i  
n n r age group 
26.0 Figure 4.11e 
X J 
I 25.5 [ 】 n — • <45 Cluster error 
J _ _ ° — T bar of 9 5 % CI 
CO 25.0, 」一 丁 丄 
E — r - „ f ciAS-SA of BMI by 
o 24.5 I smoking habit, 
00 E] 
" " " " n 口 55 -64 . . . , . 
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Normal P-P Plot of BMI Detrended Normal P-P Plot of BMI 
MCA status = NORMAL MCA status = NORMAL 
1.00| yp .06|  
I 0 Z I � � �i / 
1 .25 / I -02 V / 
^ / > 
uj o.oqr . _ _ I Q --041 . ^ . . . . 
0.00 .25 .50 .75 1.00 -.2 0.0 .2 .4 .6 .8 1.0 1.2 
Observed Cum Prob Observed Cum Prob “ 
Normal P-P Plot of BMI Detrended Normal P-P Plot of BMI 
MCA status = ABNORMAL MCA status = ABNORMAL 
1.0Q -J^ .06, • 
/ 1： t% 
I :Z I ： 1 
lij o.oqr • . _ I Q -.o^l  
0.00 .25 .50 .75 1.00 -.2 0.0 .2 .4 .6 .8 1.0 1.2 
Observed Cum Prob Observed C u m Prob 
Figure 4.11f P-P plots of BMI by M C A status 
The B M I property among those with normal M C A and those with diseased M C A 
illustrated from the above P-P plots, they were not quite normally distributed as 
the observation points did not stay on the diagonal line. 
In waist-hip ratio, there was no significant differences found. The mean W H R in 
the normal M C A group (mean 士 SD: 0.8834 士 0.06513) and for those with 
abnormal M C A status (mean 士 SD: 0.8838 士 0.06583). T-test for equality of 
mean found a p-value of 0.92 under the pooled-variances t-test with Levene's test 
of equality of variances of p = 0.69. While the Mann-Whitney U test established 
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with U = 180839 and p = 0.85 with n^ r^mai = 1712 and n^ bnonnai = 213 also showed 
with no significant difference between the two groups. 
Boxplot of WHR Error bar on the 95% CI of WHR 




_ g _ Q o .89 
1.0 I 'ro 
g. 
2 -I .88 ^ 
Q. 0 % 
t .6 O — 1 — . 
^ .4 g .87 t 
N = 1712 213 N= 1712 213 s 
NORMAL ABNORMAL NORMAL ABNORMAL 
MCA status interpreted by TCD MCA status 
Figure 4.12a (Left) Box-and-whisker plot of W H R by M C A status; (Right) Error-
bar of the m e a n and 9 5 % CI of the W H R by M C A status 
Symbols use in the boxplots - “0” represents outliner and “*” represents extreme. 
Cluster Bar Chart: Waist-Hip Ratio 
0TCD Normal • T C D Abnormal 
25 ——F^ PH ~ 
® 20 — — — — — 
m r^.r^.r^^m � � - � ^ ^ ^ 
…、^• 八 八 �^ ^ ^ 、；、入 
Q. 10 - — 二 H ^ 二 H 
A 八 八 广 八 � 、 ^ ^ 
八 •、入 
5 - 一 ： ： ： ： • 二 H ^ ：；：<*-八 � 、 、 八 � � 、 入 人 A � � ^ • 八 八 � • 、 ^ ^ ^ 〜、a^H 八"广^• 八 0 M , • . 
1st 2nd 3rd 4th 
WHR in Quartiles 
Figure 4.12b Cluster bar chart of the percentage in W H R quartiles for normal 
and abnormal M C A groups examined by T C D 
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There was no specific relation on W H R and the abnormal M C A group, the 95% 
CI of mean W H R showed that the CI for abnormal group was so wide that 
includes the whole CI of the normal group. It was consistent with the non-
significant result wit p-value of 0.20. 
Normal P-P Plot of WHR Detrended Normal P-P Plot of WHR 
MCA status = NORMAL MCA status = NORMAL 
1.00| y .02|  
专 75 / 1 。 1 • l \ ‘ A \ 
！ .5�/ r � � ^ / ^ W ^ 
I 25 / I -••1 ’ 
m 0 OOr � - . 0 21 
0.00 .25 .50 .75 1.00 - 2 0.0 .2 .4 .6 .8 1.0 1.2 
Observed Cum Prob Observed Cum Prob 
Normal P-P Plot of WHR Detrended Normal P-P Plot of WHR 
MCA status = ABNORMAL MCA status = ABNORMAL 
1.00| ^ .06j • 
.75 f CO .. h S 
1.50 / 1 � • � �/ • 产 
8 / t -02 B ？ 
1 / i -.04 I崔 
I S - 0 6 
“ 。 . ！ .25 .50 .75 1.1。。 -2 0.0 2 .4 .6 .8 1.0 1.2 
� �A r^  u Observed Cum Prob Observed Cum Prob 
Figure 4.12c P-P plots of W H R by M C A status 
Although the W H R data point of abnormal group did not stay perfectly on the 
diagonal line but it was scattered around the line (some above the line and some 
below the line) hence it may consider as normal. While W H R for normal group 
was taken as normal data due to the data point perfectly lie on the line. 
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4.4.3.6 Other Measurements - on Blood Pressure, Fasting Plasma 
Glucose, HbAlc, Lipid profiles and Fibrinogen 
Non-parametric comparison method was used since the distributions of values 
were not normally distributed - significant difference (with p < 0.05) showed 
only in systolic blood pressure, total cholesterol and low-density-level cholesterol. 
(a) Blood Pressure 
There was significant difference in the measurement of systolic blood pressure , 
1 
between those with normal M C A blood velocity and those with abnormal M C A f 
blood velocity that higher SBP found in the abnormal subjects. While no 
significant difference found in the diastolic blood pressure measurement. 
No. (%) of subjects No. (%) of subjects 
Characteristic with Normal MCA with Abnormal MCA p 
SBP Mean (SD) 137.14 (20.86) 147.05 (22.73) < 0.01 # 
95% CI for mean 136.22 - 138.06 144.39 - 149.71 
Median 135.00 146.50 
25 - 75 percentiles 122.50 - 150.00 134.00 - 161.00 
min - max 51.00 -236.00 85.00-219.00 
DBP Mean (SD) 79.05 (11.37) 78.61 (12.04) 0.64 # 
95% CI for mean 78.55-79.55 77.20 -80.01 ‘ 
Median 79.00 78.00 
25 — 75 percentiles 71.00 - 86.00 71.00 - 86.00 
min - max 32.00-155.00 49.00-115.00 
# Non-parametric method: Mann-Whitney U Test 
Table 4.13 Blood pressure m e a s u r e m e n t ( m m H g ) cross-tabulated with the 
M C A status 
(b) Fasting Plasma Glucose 
No significant difference was found in the fasting plasma glucose. The mean and 
median of FBS in both groups were higher than the desirable range (3.9 — 6.1 
mmol/l) and that may due to the over-represented diabetes subjects in the 
sampling. 
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No. (%) of subjects No. (%) of subjects 
Characteristic With Normal MCA with Abnormal MCA p 
FBG mean (SD) 8.88 (3.49) 8.82 (3.34) 0.95 # 
95% CI for mean 8.73 - 9.04 8.43 - 9.21 
Median 8.00 8.10 
25 - 75 percentiles 6.60 -10.30 6.50 -10 .40 
min - max 2.40 -38.40 2.70-23.10 
# Non-parametric method: Mann-Whitney U Test 
Table 4.14 Fasting blood glucose measurement (mmol/l) cross-tabulated with 
the MCA status | 
�� 
J 
(c) Hemoglobin Ale ^ 
For HbAlc, there was no significant difference among these two groups. While 
the mean value and median of the HbAlc in both groups were slightly larger than 
the pre-set laboratory reference range (5.1 - 6.4 % of total Hb). 
No. (%) of subjects No. (%) of subjects 
Characteristic With Normal MCA with Abnormal MCA p 
HbAlc Mean (SD) 7.83 (2.02) 7.88 (1.82) 0.29 # 
95% CI for mean 7.74 - 7.92 7.67-8.10 
Median 7.50 7.70 丨 
25 - 75 percentiles 6.50 -8 .80 6 .50-9.10 
min - max 4.00 — 40.70 3.90-14.60 
# Non-parametric method: Mann-Whitney U Test 
Table 4.15 Glycosylated hemoglobin concentration (% of total Hb) cross-
tabulated with the MCA status 
(d) Serum Lipid Profiles 
The major lipids of the human body are cholesterol and triglycerides. 
• Total cholesterol - elevated serum cholesterol concentration is always a 
major component in associated with atheroma [189]: 
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There was significant difference among the normal and abnormal 
groups in which there were observed of higher total cholesterol in those 
with abnormal M C A blood velocity. The mean value and median of the 
total cholesterol in both groups were above the desirable range (< 5.2 
mmol/1) and was fitted to the borderline category. 
No. (%) of subjects No. (%) of subjects 
Characteristic With Normal TCD With Abnormal TCD P 
TC Mean (SD) 5.62 (1.25) 5.84(1.28) < 0.01 # 
95% CI for mean 5.57 - 5.66 5.71 - 5.97 
Median 5.50 5.70 | 
25 - 75 percentiles 4.90 - 6.20 5.03 - 6.50 ；! 
min - max 2.00-34.30 2.80-11.90 ‘ 
# Non-parametric method: Mann-Whitney U Test 
Table 4.16a Concentration of total cholesterol (mmol/1) cross-tabulated with 
the M C A status 
• Triglycerides - they are synthesized from the products of digestion of 
dietary fat，storage as fat in the body [189]: 
There was non-significant difference found between the normal and 
abnormal M C A status groups. 
No. (%) of subjects No. (%) of subjects 
Characteristic With Normal TCD with Abnormal TCD P 
TG Mean (SD) 1.83 (1.66) 1.71 (1.32) 0.48 # 
95% CI for mean 1.77-1.90 1.58-1.85 
Median 1.40 1.39 
25 - 75 percentiles 0.95 - 2.11 1.00-1.96 
min - max 0.32-28.50 0.36-13.07 
# Non-parametric method: Mann-Whitney U Test 
Table 4.16b Concentration of triglycerides (mmol/1) cross-tabulated with the 
M C A status 
• High-density Lipoproteins (HDL) - the major function is to transport the 
cholesterol from the peripheral tissues to the liver for production and 
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excretion of bile acids and excretion of cholesterol in bile. It is knew as 
"Good cholesterol" that high H D L refer to a relative low risk for 
atherosclerotic disease and coronary heart disease [190]: 
Non-significant difference was found between the normal and 
abnormal M C A groups. 
No. (%) of subjects No. (%) of subjects 
Characteristic With Normal TCD with Abnormal TCD p 
HDL Mean (SD) 1.24(0.36) 1.26(0.34) 0.21 # 
95% CI for mean 1.23-1.26 1.23-1.30 r 
Median 1.19 1.20 I' 
25 - 75 percentiles 0 .99-1.43 1.03 - 1.45 
min - max 0.21 -3 .40 0 .57-3 .52 j 
# Non-parametric method: Mann-Whitney U Test 
:J 
Table 4.16c Concentration of high-density cholesterol (mmol/l) cross-tabulated : 
；! 
with the M C A ’ 
• Low-density Lipoproteins (LDL) — transports cholesterol to the tissues and 
blood vessels for feedback inhibition. It is knew as "Bad cholesterol" that 
high L D L refer to a relative low risk for atherosclerotic disease and 
coronary heart disease [190]: 
i 
Significant difference was found between the normal and abnormal 
M C A groups that L D L level were higher in those abnormal subjects than 
those normal ones. While the mean value and median of L D L both higher 
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No. (%) of subjects No. (%) of subjects 
Characteristic With Normal TCD With Abnormal TCD p 
LDL Mean (SD) 3.59 (0.96) 3.86 (1.15) < 0.01 # 
95% CI for mean 3.55 - 3.62 3.73 - 3.98 
Median 3.50 3.70 
25 - 75 percentiles 3 .00-4.10 3 .14-4 .40 
min - max 0.40 - 9.80 1.40-9.60 
# Non-parametric method: Mann-Whitney U Test 
Table 4.16d Concentration of low-density cholesterol (mmol/l) cross-tabulated 
I 
with the M C A status | 
(e) Fibrinogen 
There was non-significant difference in fibrinogen assay between those found 
with normal and abnormal M C A blood velocity. But the mean and median of the 
fibrinogen assay were above the normal range in both groups. 
No. (%) of subjects No. (%) of subjects 
Characteristic With Normal TCD with Abnormal TCD p 
Fib Mean (SD) 4.25 (1.33) 4.85 (2.32) 0.22 # 
95% CI for mean 4.10-4.40 3.96-5.73 
Median 4.09 4.40 ！' 
25 - 75 percentiles 3.33 - 4.84 3.19 — 5.68 
min - max 1.30-12.23 2.76-14.89 
# Non-parametric method: Mann-Whitney U Test 
Table 4.17 Fibrinogen assay measurement (g/l) cross-tabulated with the 
M C A status 
MEASURES OF ASSOCIATION - ODDS RATIO 
In order to measure the association, both the explanatory variable and the 




Asymptomatic Patients (Hong Kong) 
4.4.4 Unadjusted Odds Ratio 
The odds ratio derived from the univariate analysis that provided us with the 
crude odds ratio or so-called unadjusted odds ratio with the 95% confidence 
interval and the associated p-value. Applying either the contingency table method 
or the univariate logistic regression model, same result should be derived unless 
of the numeric round-off error. See Appendix II (A.2.2.1) for the mathematical 
explanatory on the univariate analysis. The dependent variable in here was the 
T C D result on M C A status 一 a binary variable of normal or abnormal findings. 
na �』 
4.4.4.1 By contingency table method 
% 
This approach has a benefit of easy manipulation since simple formula can be j 
used for the odds ratio directly from the 2x2 contingency table. The result • 
achieved from this method was showed in the following table 4.18. Unfortunately : 
for continuous explanatory variable, it must be defined in categorical before it ； 
can apply this method. 
•J 
(a) Significant Risk Factors 
There was four significant risk factors found according to this method: 
i • 
• Age (p < 0.01) — by taking the reference group of those aged less than 45 
years old. Those aged 45 and above were more likely to find with abnormal 
M C A status. 
_ Hypertension (p < 0.01) - hypertensives were also found in a higher likeliness 
to detect with problem M C A blood velocity under T C D examination. 
• Hyperlipidemia (p < 0.01) - those belonged to the high category (i.e. those 
taken lipid-lowering drugs or those with L D L level greater than 4.1 mmol/l) 
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• Ischemic heart disease (p < 0.01) - those diagnosed with ischemic heart 
disease were also tend to find with abnormal M C A blood velocity. 
In addition there was significant association found in the third and fourth 
quartiles of body mass index by taking the first quartile (lowest) as the reference 
group even though the overall B M I effect was not significant. An inversely 
association was found between B M I and the M C A status. 
Total Subjects (N=3074) 
Unadjusted odds ratio p 
(95% CI)  
Age < 0.01 : 
<45 1.00 j 
45-54 1.53 (1.03-2.29) 0.04 卞 
55-64 2.20 (1.51-3.20) < 0.01 f ； 
>=65 3.27 (2.27-4.71) <0.01 f 
Male 0.85 (0.68-1.06) 0.15 : 
Hypertension 2.26 (1.78-2.86) <0.01 
Diabetes 1.16 (0.83-1.63) 0.34 
Hyperlipidemia < 0.01 
High 1.78 (1.36-2.33) < 0.01 t 
Borderline High 1.25 (0.94-1.65) 0.131 
Ischemic Heart Disease 3.10 (1.89-5.09) <0.01 
Cigarette Smoker 1.04 (0.82-1.32) 0.76 
Body Mass Index 0-12 
1st tile 14.16-22.40 1.00 
2nd tile 22.40-24.61 0.88 (0.66-1.18) 0.41 卞 
3rd tile 24.61 - 27.02 0.68 (0.50-0.93) 0.02 f 
4th tile 27.02 — 43.86 0.64 (0.47-0.87) <0.01 t 
Waist Hip Ratio 0-34 
1st tile 0.53-0.84 1.00 
2nd tile 0.84 - 0.88 1.20 (0.81 - 1.79) 0.37 卞 
3rd tile 0.88 — 0.93 0.86 (0.56- 1.31) 0.52 卞 
4th tile 0.93-1.30 1.17(0.79- 1.75) 0.48 t 
卞 by Fisher's Exact test, using the approximation of Woolf for the 95% CI performed by 
GradPad InStat 
Table 4.18 Unadjusted o d d s ratio derived from the contingency table 
b e t w e e n the characteristics a n d the M C A blood flow velocity 
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4.4.4.2 By logistic regression model 
As mentioned earlier that contingency method can only work when the 
explanatory is categorically defined, while logistic regression can compensate 
this drawback. Unfortunately, there is no simple formula and the result was 
derived from the iterative maximum likelihood method. In the following table 
4.19, crude odds ratios were derived from the univariate logistic regression. In 
order to examine the suspected U-shaped or S-shaped property in the body mass 
index and waist-to-hip ratio, an extra quadratic term was added into the model. 
w I 
！i 
(a) Significant Risk Factors j 
According to the univariate logistic regression model, the significant risk factors :] 
included: : 
• Age — there was very strong association in the effect of age to the M C A status, ; 
the elderly were more likely to associate with diseased M C A . No matter 
whether age is considered as continuous (p < 0.01, 1.46 times more likely for 
abnormal M C A blood velocity per increased of 10 years), or considered as 
categorical (p < 0.01), or as quartiles (p < 0.01), all illustrated that age was a 
significant risk factor. 
丨1。 
• Hypertension — for those hypertensives defined, they were significantly more 
prone to detect with M C A abnormal velocity (p < 0.01). Considering the 
blood pressure measurement, SBP was significant (p < 0.01) but not for D B P 
(p = 0.54). In addition, those observed with elevated BP, with positive H T 
history, or those taken with anti-HT were all found with significantly 
associated with the M C A stenosis (p < 0.01). 
• Diabetes Mellitus — there was found with non-significant in diabetics. In the 
other hand, there was significant association among those taken O H A or 
insulin that they were more likely to find with abnormal blood velocity in 
M C A than those without taken D M medication (p < 0.01). 
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• Hyperlipidemia - strong association in the high category that was more likely 
to have M C A abnormal status than the non-hyperlipidemia subjects, p < 0.01. 
In addition, those with elevated total cholesterol, or triglycerides, defined 
hyperlipidemia were all found with significant association (p = 0.03，0.04 and 
< 0.01 respectively) that prone to abnormal T C D findings on M C A . 
• Ischemic Heart Disease 一 significant association with increased the likeliness 
of abnormal blood velocity in the M C A (p < 0.01). 
irt j 
• Body Mass Index - by considering B M I as continuous variable, categorized ！ 
based on the W H O criteria for obesity, or categorized into quartiles, both j 
showed with significant inversely association (p < 0.01). Moreover the non- j 
linear U-shaped or J-shaped relationship was not significant found according : 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Asymptomatic Patients (Hong Kong) 
4.4.5 Adjusted Odds Ratio 
Multiple logistic regression analysis was used for adjusting the confounders, in 
which to calculate the probability of the outcome event as a function of several 
explanatory variables. Logistic regression model is appropriated only when the 
outcome variable (dependent) is dichotomous 一 please refer to Appendix II 
(A.2.2.2). 
Note: For the waist-to-hip ratio, as stated early in section 4.4.1.4 that the W H R 
data were mainly collected from the D M clinic since the usual practical in 
medical was to measure the body height and weight only, except in D M clinic 
that additionally measure on the waist and hip circumferences. Only 1940 W H R 
valid data among the total 3074 subjects. Hence if included W H R in the multiple 
logistic regression model, the number of valid cases will drop dramatically to 
only 1838 since those with missing data are excluded before the regression 
computation. 
One of the crucial questions for multivariate model is which independent 
candidate to select for the final model. Three strategies were applied in here for 
the combination of the multivariate model 
- F u l l Model (Enter) 
-Stepwise Model (forward & backward) 
—Model-Building Strategy 
4.4.5.1 Entering all explanatory variables: 
By selecting all the explanatory variables in the model thus for a complete control 
of the confounding effect as much as possible — there was eight explanatory 
variables. Among the total 3074 cases, 530 were excluded due to the missing or 
incomplete data. The result of the multiple logistic regression by adopting this 
approach was showed in table 4.20. 
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(a) Significant Risk Factors 
In order to assess the coefficient of the explanatory variables (independent 
variable), Wald statistics was used to test for significance. There was four 
significant factors (p-value less than 0.05) and two factors showed with marginal 
significance (p-value between 0.050 to 0.054 and the round off to 2 decimal place 
become 0.05). 
The four significant risk factors were: 
(showed in adjusted O R with its corresponding 95% confidence interval) 
• Age (taking reference as those under 45 years old) — overall p < 0.01 
-above 65 years old: 1.87 (1.25 — 2.80) with p < 0.01 
• Hypertension: 2.21 (1.66 一 2.94) with p < 0.01 
• Diabetes: 1.53 (1.01-2.31) withp = 0.04 
• Hyperlipidemia (normal level taken as reference) — overall p < 0.01 
- high category: 1.73 (1.28-2.33) with p < 0.01 
while the following two factors with marginal significant: 
• Ischemic heart disease: 1.75 (0.99 - 3.07) with p = 0.052 
• B M I (taking V^ quartile as the reference) - overall p = 0.052 
-3rd quartile: 0.69 (0.49 — 0.98) with p = 0.04 
-4th quartile: 0.64 (0.45 — 0.92) with p = 0.01 
(b) Assess the Model 
Likelihood ratio test was used for assessing the model. 
The -2 log likelihood with only constant term in the model, -2LLo 二 1869.78 and 
the -2 log likelihood of the logistic regression model, -ZLL^^ter) = 1771.42 with 
the associated p-value < 0.01 and 13 degrees of freedom. Hence there was a 
significant improved between the constant and the fitted model. 
Moreover Hosmer & Lemeshow goodness-of-fit was also used. 
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Goodness-of-fit test with a chi-squared of 13.26 and 8 degrees of freedom, thus 
the associated p-value is 0.10. The larger the p-value, the more effective the 
model specified to the outcome occurrence. 
Total subjects (N=3074)  
B SE Adjusted odds ratio P 
(95% CI)  
A ^ 
< 45 1.00 
4 5 - 5 4 0.039 0.222 1.04 (0.67- 1.61) 0.86 
5 5 - 6 4 0.238 0.210 1.27 (0.84- 1.91) 0.26 
>=65 0.626 0.206 1.87 (1.25-2.80) <0.01 
"i^e -0.109 0.157 0.90 (0.66- 1.22) 0.49 
Hypertension 0.791 0.146 2.21 (1.66 - 2.94) < 0.01 
Diabetes 0.434 0.210 1.53 (1.01 -2.31) 0.04 
Hyperlipidemia < 0.01 
High 0.547 0.153 1.73 (1.28-2.33) <0.01 
Borderline high 0.171 0.158 1.19 (0.87- 1.62) 0.28 
Ischemic heart disease 0.559 0.288 1.75 (0.99 - 3.07) 0.05 
Cigarette Smoker 0.162 0.170 1.18 (0.84 - 1.64) 0.34 
Body mass index 0.05 
1st quartile 1.00 
2ncl quartile -0.134 0.170 0.87 (0.63- 1.22) 0.43 
3rcl quartile -0.365 0.177 0.69 (0.49 - 0.98) 0.04 
4th quartile -0.438 0.180 0.64 (0.45-0.92) 0.02 
CONSTANT -3.173 0.300 <0.01 
Predicted Predicted 
Normal Abnormal Correctly 
Observed Normal 2238 0 100.00% 
Abnormal 306 0 0.00% 
87.97% 
Table 4.20 Multivariate logistic regression model with all independent 
variables (Enter) and its classification table 
Hence after adjusting the demographic factors, medical history, social smoking 
habit and the obesity, four significant risk factors were obtained — the elderly 
aged 65 and above years old, they were 1.87 time more likely than those under 45 
years old to associate with abnormal M C A blood velocity. Moreover for the 
hypertensive subjects, they were 2.21 times higher odds for an abnormal M C A 
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status than non-HT subjects did; while the odds in diabetics were 53% higher 
than non-DM; furthermore those with hyperlipidemia who belonged to the high-
category were 1.73 times more likely to have a abnormal M C A finding than those 
with normal lipid profile. 
The classification table showed in table 4.20 - with a specific cut-off point of 0.5， 
it illustrated that the overall rate of correct classification was estimated as 87.97%, 
with 100.00% for correctly predicted on normal M C A status and 0.00 % for 
correctly predicted on abnormal M C A status regarding to the above final multiple 
logistic regression model. 
4.4.5.2 Using Forward and Backward Stepwise methods with the 
probability for entry of 0.05 and probability for removal of 0.10: 
There were four stepwise methods performed, 2 for forward strategy (forward 
stepwise selection and forward likelihood-ratio criterion) and 2 for backward 
method (backward stepwise elimination and backward likelihood-ratio basis)— 
further explanation was stated in Appendix II (A.2.2.2a). 
- 1. Forward Stepwise 
- 2 . Forward Likelihood Ratio 
- 3 . Backward Stepwise 
_ 4. Backward Likelihood Ratio 
Forward method begins with a constant model and then add-in independent 
variables according to the special enter criteria while Backward method was in 
the opposite that starts with a model contains with all independent variables and 
then remove them one-by-on due to the specific elimination criterion. 
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1. Forward Stepwise (Wald) Method 一 
The final fitted model only contained with significant risk factors. There was 
found with five significant risk factors, displayed in table 4.21 and together with 
the classification table of cut-off value 0.05. 
la. Significant Risk Factors 
The five significant risk factors were: 
(presented in adjusted O R with its corresponding 95% confidence interval) 
• Age (taking reference as those under 45 years old) 一 overall p < 0.01 
-above 65 years old: 2.01 (1.35 - 2.99) with p < 0.01 
• Hypertension: 2.06 (1.56-2.73) with p < 0.01 
• Diabetes: 1.53 (1.02-2.31) with p = 0.04 
• Hyperlipidemia (take the normal level as reference) — overall p < 0.01 
-high category: 1.70 (1.26 — 2.29) with p < 0.01 
• Ischemic heart disease: 1.81 (1.04 — 3.17) with p = 0.04 
lb. Assess the Model 
The -2 log likelihood of the constant model, -2LLo = 1869.78 and the -2 log 
likelihood of the logistic regression model, -2LLM(F。rstep) = 1780.04 with 8 degrees ^ 
of freedom and thus associated with p < 0.01. Hence there was significant 
difference between the constant model and the final fitted model. 
The chi-squared test statistics of 12.69 with 8 degrees of freedom and 
corresponded with p 二 0.12 by the Hosmer & Lemeshow goodness-of-fit test. 
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Total Subjects (N=3074)  
METHOD B SE Adjusted odds ratio p 
(95% CI)  
Forward Age “ <0.01 
Wald <45 1.00 
4 5 - 5 4 0.068 0.221 1.07 (0.69- 1.65) 0.76 
5 5 - 6 4 0.311 0.207 1.36 (0.91 -2.05) 0.13 
>=65 0.698 0.203 2.01 (1.35-2.99) <0.01 
HT 0.724 0.143 2.06 (1.56-2.73) <0.01 ~ 
DM 0.426 0.209 1.53 (1.02-2.31) 0.04 
Hyperlipidemia < 0.01 
High 0.529 0.152 1.70 (1.26-2.29) <0.01 
Borderline High 0.155 0.157 1.17 (0.86- 1.59) 0.33 
IHD 0.595 0.286 1.81 (1.04-3.17) 0.04 ~ ~ 
CONSTANT -3.400 0.278 <0.01 
Predicted Predicted 
Normal Abnormal Correctly 
Observed Normal 2238 0 100.00% 
Abnormal 306 0 | 0.00% 
87.97% 
Table 4.21 Multivariate logistic regression m o d e l b y Forward Stepwise (Wald) 
m e t h o d a n d its classification table 
Hence after adjusting for the confounding effect - the odds in those elderly aged 
65 or above were in double than those under 45 years for abnormal M C A blood ‘ 
velocity. While among hypertensives, they were associated twice the times more 
prone for an abnormal M C A status than the non-HT; moreover the odds in 
diabetics were 1.54 times than the non-DM subjects; furthermore the risk of an 
abnormal M C A blood velocity determined by T C D in those with hyperlipidemia 
that belonged to the high-category were 70% higher than those with normal lipid 
profile. 
The classification table for this model showed with an overall rate of correct 
classification of 87.97% while 100.00 % for correctly predicting the normal T C D 
finding and 0.00% for correctly predicting the abnormal T C D finding, same as 
the one in the Enter model (in table 4.20). 
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2. Forward Likelihood Method 一 
The final fitted model from forward likelihood method was the same as using the 
approach of Forward Stepwise strategy (in table 4.21). 
3. Backward Stepwise (Wald) Method -
According to the backward stepwise principle, this final fitted model contained 
with five significant factors while the remaining factor was found with marginal 
significant, illustrated in table 4.22 together with its classification table. 
3a. Significant Risk Factors 
The five significant risk factors were: 
(illustrated the adjusted O R with the corresponding 95% confidence interval) 
• Age (taking those under 45 years old as reference) 一 overall p < 0.01 
—above 65 years old: 1.90 (1.27 一 2.84) with p < 0.01 
• Hypertension: 2.20(1.65-2.92) with p < 0.01 
• Diabetes: 1.54(1.02-2.32) with p 二 0.04 
• Hyperlipidemia (take the normal level as reference) - overall p < 0.01 
-high category: 1.72 (1.28 - 2.33) with p < 0.01 
• Ischemic heart disease: 1.78 (1.01 - 3.13) with p 二 0.04 ； 
while body mass index was found with marginal significant: 
• B M I (taking the V^ quartile as the reference) — overall p 二 0.053 
-3rd quartile: 0.69 (0.49 - 0.98) with p = 0.04 
-4th quartile: 0.65 (0.45 — 0.92) with p = 0.02 
Comparing this final logistic regression model with the final fitted model of the 
forward stepwise and the forward likelihood methods, this model contained with 
an extra independent variable — Body Mass Index which is only a marginal 
significant factor - those in the heavier quartiles were found with an odds 
reduction of 31% and 35% in the third and fourth quartiles. 
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3b. Assess the Model 
The —2 log likelihood of the constant model, -2LLo = 1869.78 and the -2 log 
likelihood of the logistic regression model, _2LLM(Backstep) 二 1772.37 with 11 
degrees of freedom and thus associated with p < 0.01. Hence there was a 
significant difference between the constant model and the final fitted model. 
While the Hosmer & Lemeshow goodness-of-fit test with the chi-squared test 
statistics of 5.30 with 8 degrees of freedom and that corresponded to p = 0.72. As 
there was a larger p-value in this model than the above Enter Model and the 
Forward Models, this implied that was more (statistically) effective than the 
previous two models on describing the outcome events. 
Total Subjects (N=3074)  
METHOD B SE Adjusted odds ratio P 
(95% CI)  
Backward Age < 0.01 
Wald <45 1.00 
4 5 - 5 4 0.039 0.222 1.04 (0.67- 1.61) 0.86 
55 -64 0.246 0.209 1.28 (0.85- 1.93) 0.24 
>=65 0.643 0.205 1.90 (1.27-2.84) <0.01 
HT 0.787 0.146 2.20 (1.65-2.92) <0.01 
"DM 0.429 0.210 1.54 (1.02-2.32) 0.04 一 
Hyperlipidemia < 0.01 
High 0.545 0.153 1.72 (1.28-2.33) <0.01 
Borderline High 0.164 0.158 1.18 (0.86 - 1.60) 0.30 
" i t ^ 0.577 0.287 1.78 (1.01 -3.13) 0.04 
BMI 0.05 
1st quartile 1.00 
2ncl quartile -0.136 0.170 0.87 (0.63- 1.22) 0.42 
3rd quartile -0.366 0.176 0.69 (0.49 - 0.98) 0.04 
4th quartile -0.436 0.180 0.65 (0.45 - 0.92) 0.02 
CONSTANT -3.179 0.294 <0.01 
Predicted Predicted 
Normal Abnormal Correctly 
Observed Normal 2238 0 100.00% 
Abnormal 306 0 0.00% 
87.97% 
Table 4.22 Multivariate logistic regression m o d e l by B a c k w a r d Stepwise 
(Wald) m e t h o d a n d its classification table 
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Thus adjusted odds ratio for abnormal M C A blood velocity in those elderly of 
aged 65 and above was 1.90. For the hypertensives, they were 2.20 more likely to 
observed with abnormal M C A status than non-HT subject while the odds in 
diabetics were 1.55 times more likely than the non-DM subjects. In addition, the 
odds in those with hyperlipidemia and belonged to the high-category were 72% 
higher than those with normal lipid profile. Furthermore, those with ischemic 
heart disease had an adjusted O R of 1.78 comparing with the non-IHD subjects. 
Same classification table as before (table 4.20 and table 4.21) that showed with 
an overall rate of correct classification of 87.97% while 100.00 % for correctly 
predicting the normal T C D finding and 0.00% for correctly predicting the 
abnormal T C D finding. 
4. Backward Likelihood Method 一 
The final fitted logistic regression model from backward likelihood was the same 
as using the Backward Stepwise method (in table 4.22). 
4.4.5.3 Applying the Model-Building Strategy: 
Based on the result of the univariate analysis — for those with p < 0.25 were 
selected and chose as the candidate for the multiple logistic regression model. 
There was six such variables - Age, gender, hypertension, hyperlipidemia, 
ischemic heart disease and body mass index. Among the total 3074 cases, 522 
cases were excluded due to missing or incomplete data. The result of the final 
fitted logistic regression model was described in the following table 4.23. 
(a) Significant Risk Factors 
The four significant risk factors were: 
(demonstrated in adjusted O R and its 95% confidence interval) 
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• Age (consider those aged under 45 as the reference) - overall p < 0.01 
-above 65 years old: 1.94 (1.30 — 2.89) with p < 0.01 
• Hypertension: 2.10(1.58-2.78) with p < 0.01 
• Hyperlipidemia (take those in normal level as ref.) - overall p < 0.01 
-high category: 1.68 (1.24 - 2.26) with p < 0.01 
• Ischemic heart disease: 1.78 (1.02 — 3.13) with p 二 0.04 
While the overall effect of body mass index was not significant (p = 0.07) but 
the B M I in the quartile was marginal significant (p = 0.049) with adjusted 
c 
O R (95% CI) of 0.71 (0.50 — 1.00) and the B M I in the 4伍 quartile w a s very j 
significant associated (p = 0.02) with adjusted O R (95% CI) of 0.66 (0.46 — | 
0.94). That illustrated that those with larger B M I that under the or the 4也 
quartiles were found with lower odds of an abnormal M C A compared with 
those has smaller B M I in the first quartile. 
(b) Assess the Model 
The -2 log likelihood with only constant term in the model, -2LLo 二 1879.79 and 
the -2 log likelihood of the logistic regression model, = 1787.24 with 
the associated p-value < 0.01 and 11 degrees of freedom. Hence there was 
significant improved between the constant and the fitted model. 
For the Hosmer & Lemeshow goodness-of-fit test, the chi-squared statistics of 
7.09 and 8 degrees of freedom, thus the associated p-value is 0.53. The larger the 
p-value in the Hosmer & Lemeshow test, the more effective the model in 
specifying to the occurrence of the outcome event. 
Comparing the multivariate logistic regression models, this model derived from 
the Model-Build strategy has a larger Hosmer & Lemeshow p-value than the 
Enter model (table 4.20) and Forward Stepwise model (table 4.21) but smaller 
than the Backward Stepwise model (table 4.22). 
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Total subjects (N=3074)  
B SE Adjusted odds ratio p 
(95% CI)  
A ^ “ <0.01 
< 45 1.00 
4 5 - 5 4 0.061 0.221 1.06 (0.69- 1.64) 0.78 
5 5 - 6 4 0.272 0.209 1.31 (0.87- 1.98) 0.19 
>=65 0.661 0.205 1.94 (1.30-2.89) <0.01 
-0.027 0.129 0.97 (0.76- 1.25) 0.83 
Hypertension 0.741 0.144 2.10(1.58-2.78) <0.01 
Hyperlipidemia < 0.01 
High 0.516 0.152 1.68 (1.24-2.26) <0.01 
Borderline high 0.163 0.157 1.18 (0.87- 1.60) 0.30 
Ischemic heart disease 0.579 0.286 1.78 (1.02-3.13) 0.04 
Body mass index 0.07 
1st quartile 1.00 
2nd quartile -0.130 0.170 0.88 (0.63- 1.22) 0.44 
3rd quartile -0.346 0.176 0.71 (0.50- 1.00) 0.05 
4th quartile -0.416 0.179 0.66 (0.46 - 0.94) 0.02 
CONSTANT -2.772 0.223 <0.01 
Predicted Predicted 
Normal Abnormal Correctly 
Observed Normal 2 2 ^ 0 100.00% 
Abnormal 308 0 0.00% 
87.93% 
Table 4.23 Multivariate logistic regression m o d e l b y Model-Building Strategy 
a n d its classification table 
Therefore after adjustment, the elderly aged 65 or above was found with adjusted 
odd ratio of 1.94 when comparing with those under 45 years old. In addition 
hypertensives were 2.10 time more likely to prone with abnormal M C A blood 
velocity than non-HT patients. Furthermore, the odds of having abnormal blood 
velocity in the M C A for those with hyperlipidemia in the high-category was 68% 
higher than those with normal lipid profile while there was a 78% higher odds for 
IHD patients than non-IHD subjects. 
The classification table illustrated with an overall rate of correct classification of 
87.93% while 100.00 % for correctly predicting the normal T C D finding and 
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0.00% for correctly predicting the abnormal T C D finding - by taking a specific 
cut-off point ofp = 0.50. 
4.4.6 Comparing the final fitted multiple logistic regression models made 
by the three approaches: 
Summarizing the final fitted logistic regression models from the above three 
approaches - Enter model (table 4.20); Stepwise forward method (table 4.21) and 
Stepwise backward method (table 4.22) and the Model-building model (table 
4.23) — similar significant patient characteristics were derived. 
The significant factors were older age, those diagnosed with hypertension, 
diabetes, hyperlipidemia, ischemic heart disease that associated to increase the 
risk of abnormal blood velocity in the M C A . In addition, also found with 
marginal significant in the body mass index. Within BMI，there was strong 
association between the larger B M I with risk reduction on abnormal M C A blood 
velocity. More details were listed in the following table 4.24. 
Concluding on the range of the adjusted odds ratio in the significant risk factors 
were: 
•：• Aged > 65 years from 1.87 to 2.01 
• Hyperlipidemia - High from 1.68 to 1.73 
HT from 2.06 to 2.21 
•:• d m from 1.53 to 1.54 
•：• IHD from 1.78 to 1.81 
•:• BMI -3rd quartile around 0.69 
-4th quartile from 0.64 to 0.66 
By comparing the p-value of the Hosmer & Lemeshow Goodness-of-Fit test, 
model from the Backward Stepwise approach got the largest p-value and hence 
statistically gave a more effective description on the outcome event. 
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Adjusted OR (95% CI)  
en te r �F�rward Backward Model Bui ld"“ 
Stepwise Stepwise  
Age 
<45 1.00 1.00 1.00 1.00 
4 5 - 5 4 1.04 (0.67 - 1.61) 1.07 (0.69 - 1.65) 1.04 (0.67 - 1.61) 1.06 (0.69 -1.64) 
55 -64 1.27 (0.84 - 1.91) 1.36 (0.91 - 2.05) 1.28 (0.85 - 1.93) 1.31 (0.87 - 1.98) 
>=65 1.87 (1.25 - 2.80) 2.01 (1.35 - 2.99) 1.90 (1.27 - 2.84) 1.94 (1.30 - 2.89) 
Male 0.90 (0.66- 1.22) ™ ™ 0.97 (0.76- 1.25) 
Hypertension 2.21 (1.66-2.94)2.06 (1.56-2.73)2.20 (1.65-2.92) 2.10(1.58-2.78) 
Diabetes 1.53 (1.01 • 2.31) 1.53 (1.02 - 2.31) 1.54 (1.02 - 2.32) — 
Hyperlipidemia 
High 1.73 (1.28-2.33) 1.70 (1.26-2.29) 1.72 (1.28-2.33) 1.68 (1.24-2.26) 
Borderline H 1.19 (0.87- 1.62) 1.17(0.86-1.59) 1.18 (0.86 - 1.60) 1.18 (0.87- 1.60) | 
Ischemic heart dis. 1.75 (0.99-3.07) 1.81 (1.04-3.17) 1.78 (1.01 -3.13) 1.78 (1.02-3.13) i： 
Cigarette Smoker 1.18 (0.84 -1.64) ™ -二 ：：： 
Body mass index 
1st quartile 1.00 — 1.00 1.00 
2nd quartile 0.87 (0.63 - 1.22) … 0.87 (0.63 - 1.22) 0.88 (0.63 - 1.22) 
3rd quartile 0.69 (0.49 - 0.98) --• 0.69 (0.49 - 0.98) 0.71 (0.50 - 1.00) 
4th quartile 0.64 (0.45 - 0.92) - 0.65 (0.45 - 0.92) 0.66 (0.46 - 0.94) 
-2LL (constant) 1869.78 1869.78 1869.78 1879.79 
-2LL (model) 1771.42 1780.04 1772.37 1787.24 
p <0.01 <0.01 <0.01 <0.01 
H&L，p" 0.10 0.12 0.72 0.53 
Predicted Correctly 
Overall % 87.97 87.97 87.97 87.93 
in "Normal" % 100.00 100.00 100.00 100.00 
in “ Abnormal" % 0.00 0 £ 0 0 £ 0 0.00 
Note: Significant characteristics in BOLD 
Table 4.24 S u m m a r y of the final multiple logistic regression models from the 
above three approaches. 
Remarks: 
Those aged 65 years and above, hypertension, hyperlipidemia (in the high 
category) - were significantly appeared in ‘all，the resulted multivariate models. 
Ischemic heart disease was appeared in all four models and found with 
significant (p < 0.05) in three of them - Forward, Backward and the Model-
Building models while only marginal significant showed in the Enter Model. 
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Diabetes was not chose in the Model-building Model due to its univariate p-value 
was greater than 0.25 but in the multiple logistic regression models derived from 
the other three methods, D M was shown as a significant risk factor after adjusting 
the confounders. 
The body mass index was appeared in the Enter, Backward and the Model-
building models with the quartile found with significant in the first two 








In addition to the above summary table, several line-plots for illustrating the 
crude O R and the adjusted O R with associated 95% confidence interval were 
shown in the followings -
• Fig 4.13 for unadjusted odds ratio by contingency table method, 
• Fig 4.14 for adjusted odds ratio by entering all explanatory variables, 
(ENTER model) 
• Fig 4.15 for adjusted odds ratio by the stepwise methods, 
(Forward model & Backward model) 
• Fig 4.16 for adjusted odds ratio by selecting those variable with univariate 





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Asymptomatic Patients (Hong Kong) 
4.4.7 Probability and Odds derived from the logistic regression model 
The coefficient of the logistic regression model can be used to calculate the odds 
ratio of one factor while controlling for all the other factors. In addition the 
multiple logistic regression is also used to calculate the probability of the 
outcome event in terms of the linear combination of the independent variables 
then it can be easily converted to the odds of the outcome event [187]. The 
outcome event is defined as the abnormality T C D finding on M C A which 
indicated of abnormal blood flow in M C A , such as increased velocity, turbulence 
flow, stenosis or occluded happened in the M C A . 
Notice that there is an assumption of a linear increase on risk in the logistic 
regression model otherwise the prediction on probability would be incorrect. 
Moreover for case-control study, only odds ratios are derived from the logistic 
regression analysis since the equation for predicting the probability of the 
outcome event is not suitable due to the non-general population. 
The Backward Stepwise was chosen in here for illustration since it has the largest 
p-value in the Hosmer & Lemeshow Goodness-of-Fit test — details of the final 
fitted model derived from the backward stepwise method was shown in table 4.22. 
Notation: expression of “[state out a condition]", if under this condition then the 
expression = 1 otherwise the expression = 0. 
Let Z = a+PiXi+...+PpXp and so from the result of backward stepwise 
multiple logistic regression model, Z became 
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Z = -3.179 
+ 0.039 * [45 < age < 54] + 0.246 * [55 < age < 64] + 0.643 * [age > 65] 
+ 0.787 * [HT = 1] 
+ 0.429* [DM = 1] 
+ 0.545 * [Hyperlipidemia = High] + 0.164 * [Hyperlipidemia = Borderline(H)] 
+ 0.577* [IHD = 1] 
+ (-0.136 * [22.40<BMI<24.61] + (-0.366) * [24.61<BMI<27.02] + (-0.436) * 
[27.02<BMI] 
After computing Z, the probability of the event occurrence defined from the 
logistic regression is Pr ob. of event = and 
l + exp[-(Z)] 
1 , ^ , , Pr ohievent) 
hence the Odds = 
1 - Pr ob(event) 
For example, to calculate the odds of having diseased M C A for a 40 years old 
woman who be diagnosed with hypertension, diabetes and hyperlipidemia (taking 
lipid-lowering drug). She is also an ex-smoker but can not provide information on 
how long she had stopped smoking. In addition, the measurement on height and 
weight were 150 cm and 54 kg (thus B M I = 24.0 kg/m^). 
Substitute this information to the above equation and gave 
Z =-1.554 and so 
p = 0.175 and therefore 
Odds = 0.211 
Interpretation based on the backward stepwise model, the estimated probability of 
this woman to have an abnormal T C D finding on her M C A is 0.18. This means 
that she has 18 chances in 100 of an abnormal M C A status assessed by T C D 
examination. Hence her odds of 0.21 for having an abnormal M C A blood flow 
velocity which is estimated from the logistic regression model. 
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Same manipulation is used if interested in calculating the probability from others 
multiple logistic regression models. For the above woman, the probability and 
odds of using difference models were: 
I" ‘ . . . , Forward Model-
Enter Model stepwise Build 
Z -1.373 -1.721 -1.645 
Prob(outcome) 0.202 0.152 0.162 
Odds 0.253 0.179 0.193 
Table 4.25 Estimated probability of positive outcome event and the predicted 
odds from the multiple logistic regression by different approaches 
Thus her probability of an abnormal M C A blood velocity in T C D examination is 
estimated range from 0.15 to 0.20 while the odds is ranged from 0.18 to 0.25. 
4.4.8 Relationship between the diseased MCA and the number of 
significant risk indicators that the subjects associated with 
Concluded from the above multiple logistic regression model, there was five 
significant risk factors that associate to increase the odds of abnormal T C D 
finding on M C A — elderly age of 65 years and above, hypertension, diabetes, 
hyperlipidemia and ischemic heart disease — referred to (section 4.4.6) in above. 
The following table 4.26 indicated the observed frequency and proportions on the 
number of these risk indicators that the subjects bear with by the T C D findings 
on M C A status. People with several risk factors are at a higher risk of disease, as 
risk factors tend to multiply together. Among our 3074 valid cases, only 2626 
have complete information regarding to this issue while 2311 cases in the normal 
group and 315 cases in the abnormal group. Graphical display of line-plot on the 
proportions of number of risk indicator for the normal and abnormal groups and 
the line-plot on the prevalence of diseased M C A were shown in figure 4.17a and 
4.17b. There was a strong association between them as the p-value for association 
was <0.01. 
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No. ofsig. Proportions of Presence of M C A abnormality 
Prevalence # 
risk indicator* Subjects (%) Yes Proportion No Proportion 
within yes Within no 
Zero 19 0.6% 1 <0.01 18 0.01 5.3% 
One 1010 33.3% 73 0.19 937 0.35 7.2% 
Two 1176 38.8% 125 0.33 1051 0.40 10.6% 
Three 671 22.1% 137 0.36 534 0.20 20.4% 
Four 142 4.7% 42 0.11 100 0.04 29.6% 
Five 15 0.5% 4 0.01 11 0.00 26.7% 
T O T A L 3033 382 2651 12.6% 
* Significant risk indicators: aged > 65 years, HT, DM，IHD, Hyperlipidemia (high) 
# Prevalence in total study population is 12.6% 
Table 4.26 Proportions and prevalence of diseased middle cerebral artery in 
the selected subjects recruited from medical clinic according to the number of 
risk indicators 
Proportion of Normal results and Abnormal results 
associated with number of significant risk factors 
- - H - -. Normal MCA ^ ~ A b n o r m a l MCA 
0.45 J — — -j 
0.40 ： ^  
0 35 , 一 
c 0.30 / — — X \  
•I 0.25 - ^ ― \  
1 0 . 2 0 — t y ^  
CL 0.15 、 V  
0.10 —— 
0 05 
0.00 -I——"""", 1 1 1 r - ^ — — 
Zero One Two Three Four Five 
number of sig. risk factors 
Figure 4.17a Line plot for the proportion of normal and abnormal findings group 
associated with the number of significant risk factors 
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Prevalence of MCA stenosis associated with 






1 1 0 % ^ ^ ^ ^  
5%  
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Zero One Two Three Four Five 
Number of sig. risk factors 
Figure 4.17b Line plot on the prevalence of diseased MCA in the sampling 
subjects associated with number of significant risk factors 
Subjects selected were the attendant in the medical clinic with vascular risk factor 
and had no previous medical history of C V A as the criteria. A low proportion of 
subjects with no risk factor was found in the dataset that should not be included 
indeed; they were selected as they are suspected with risk factor but only I can 
not trace their medical history in the record. The above line plots illustrated that 
for those associated with above three factors, the observed frequency was higher 
in the abnormal M C A category than the normal group. Moreover that the 
prevalence of diseased M C A is increased rapidly with the number of risk factors. 
In order to produce the predicted probability and odds for abnormal T C D result 
which reflecting on diseased M C A with the number of risk factors that the 
subjects associated with, logistic regression is applied again. 
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4.4.8.1 Logistic regression analysis on number of risk indicators 
associated with the MCA status 
Univariate logistic regression model was used to derive the odds ratio for 
association between the number of risk factors that subjects bear with and the 
abnormal T C D findings which implied an abnormal M C A blood velocity status — 
result showed in table 4.27. Considering the property of the number of risk 
factors that subjects suffered with differently and result in two logistic models. 
Model (1) - Considering the number of significant risk factors as continuous 
variable. 
Model (2) - Defining it as categorical variable and taking one risk factor as the 
reference group. The reason of not taking zero risk factor as the 
reference is because it consists of only a very small proportion in 
the sampling. 
Both models were found with strong significant association (< 0.01) between the 
number of the risk factors and the positive outcome events. 
• Result from model (1), the odds ratio was 1.77 per one more risk factor that 
subjects associated with. But considering the number of risk indicators as 
continuous variables may cause some problems since statistically there is a 
basic assumption of balance weight on the number of risk indicators in such a 
model. 
• Result form model (2)，the risk was significant increased when the number of 
risk factors that subjects associated with was increased when taking one risk 
factor as the referent — the odds ratio were 1.53，3.29, 5.39 and 4.67 for two, 
three and four risk factors. Odds ratio for four factors was smaller and a wider 
95% confidence interval than the odds ratio for three factors can be explained 
by the few observations for four factors in the sample. 
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METHOD Hong Kong subjects recruited from medical clinic 
B SE Odds Ratio (95% CI) P 
1 No. of sig. risk factor (cts) 0.574 0.059 1.77 (1.58 - 1.99) <0.01 
Constant -3.176 0.149 <0.01 
-2LL (constant) 2296.65 
-2LL (model) 2201.65 p < 0.01 d f= 1 
2 No. of sig. risk factor (cat) < 0.01 
Zero -0.037 1.034 0.71 (0.09 - 5.42) 0.74 
One 1.00 
Two 0.423 0.154 1.53 (1.13-2.06) <0.01 
three 1.192 0.155 3.29 (2.43 - 4.46) <0.01 
four 1.685 0.220 5.39 (3.50-8.30) <0.01 
five 1.541 0.596 4.67 (1.45-15.02) <0.01 
Constant -2.552 0.122 <0.01 
-2LL (constant) 2296.65 
-2LL (model) 2197.70 p < 0.01 df = 5  
Model 1 - considered number of risk factor as continuous while 
Model 2 — considered it as categorical variable and took one as the reference group. 
Table 4.27 Odds ratio derived from the logistic regression analysis for the 
number of significant risk factors that subjects associated with. 
The following figure 4.18 showed that the increasing trends in odds ratio with the 
increased number of risk factors is proportional to the number of risk factors. 
After several models for the interpolation (such as linear, quadratic, cubic, 
growth and exponential regression models, etc), the cubic regression was the best 
with R2 of 0.969, the regression model was as follows 
y = 0.86 - 1.40x + 1.27x' - 0.17x' 
No. of risk indicators Odds Ratio Cubic Fitted 
Zero 0.71 0.86 
One 1.00 0.56 
Two 1.53 1.81 
Three 3.29 3.60 
Four 5.39 4.94 
Five 4.67 4.82 
Table 4.28 Odds ratios from the logistic regression and the cubic fitted line 
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Scatter plot - Hong Kong Screening 
with interpolate Cubic fitted line 
6n  
o ] ^ ^ ^ ^ ^ 
0 1 2 3 4 5 
No. of risk factors that associated with 
Figure 4.18 Scatter plot of odds ratio on the prevalence of diseased MCA with 
regards on the number of risk indicator, together with the 
interpolated cubic regression line (taking one risk indicator as the 
referent group) 
The odds ratios were derived from the logistic regression model, taking those 
with one risk factor as the reference group, OR = 1.00. A s-shaped was found, the 
odds ratios among those with two, three and four risk indicators were 
significantly higher than the reference group, 1.53, 3.29, 5.39 respectively. While 
the odds ratio dropped to 4.67 among those with five risk indicators, that may due 
to the small number of patients who belong to that category. Therefore based on 
this data, that property was best described by a cubic regression, table 4.28 and 
figure 4.18. 
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4.5 Discussion 
4.5.1 Research Design 
The research design of this Hong Kong study was classified as an observational, 
clinic-based cross-sectional screening, the details is described earlier in (section 
4.3.1). The sampling is drawn from patients attending the medical clinics of two 
major hospitals with vascular risk factor for atherosclerosis. 
4.5.1.1 Advantage 
The reason for adopting this research design is that can be done in a relatively 
quick and inexpensive way [191]. Unlike the follow-up study that need to follow-
up for the event occurrence. The aim in here is to investigate the M C A status 
among the high-risk subjects (those with vascular risk for atherosclerosis) in 
Hong Kong, a westernized urban city. From this survey, it enables us to study the 
prevalence of asymptomatic middle cerebral artery abnormality and then to 
investigate the characteristics that are associated with the diseased M C A among 
the selected subjects. Comparing this study design with cohort and case-control 
study, there is no recall bias and loss to follow-up in the study [183". 
4.5.1.2 Disadvantage 
Since this was conducted in a cross-sectional manner, the subjects were assessed 
once and thus the subjects' characteristics were recorded at that specific point of 
time. Hence only provided a snapshot in time of the situation, in which the 
exposure and disease were assessed at the same time, and so it can not distinguish 
whether the exposure is happened after the disease or the level of exposure 
actually affect the presence of disease. That required further information to 
decide whether the association is a causation relationship or not. On the other 
hand, cross-sectional provides a valid statistical association evidence for factors 
unaltered over time and thus another limitation in cross-sectional study design is 
that the determinants of disease do not change very much over time for a given 
subject [185,192]. Fortunately that does not raised to be a problem in here. 
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4.5.2 Sampling 
There was 3,414 subjects selected from the medical clinic but only 3,134 cases 
with complete past history. Further excluded 60 patients with previous C V A or 
TIA. Thus 3074 valid case for the analyses used. 
The common problem occurs in survey research is how representative the 
selected subjects are and whether they can represent the entire target population 
for a valid extrapolation. Several factors may affect the (ideal) random sampling, 
such as does the research question get the public attention, do the target subjects 
concern about that medical issue, may highly affect their willingness for 
participating. There is always volunteer bias involved in the sample response rate, 
"many studies have found that there are marked differences (demographic and 
health-related) between those who do or do not respond to a questionnaire, with 
the non-responders usually being less healthy ” and 
"in a health status survey of elderly people the response rate was age related, 
being highest in those aged 85 and over (84%) and lowest in those aged 65 to 74 
(74%) (Rockwood et al 1989)"�[183]. 
In the practical situation in Hong Kong, there was always more female than male 
in the clinic-based study. This also happened in this Hong Kong study that nearly 
60% of m y sampling are female, it may due to social economic that working men 
are unwilling to take leave for attending government clinic which required long 
waiting time. 
4.5.3 Data collected and Outcome variable classified 
4.5.3.1 Medical Record - Patients Characteristics 
The characteristics of patients are entered in a systematic manner during the 
screening; the hospital or clinical notes is borrowed from the central medical 
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office or through the computerized record to trace for the missing data. No 
further audit such as telephone interview in the data assurance. Fortunately in 
Hong Kong, most of the record is kept completely and securely and well 
controlled by the record office. 
4.5.3.2 Transcranial Doppler • Middle Cerebral Artery status 
The standardized full T C D report regarding the outcome variable - M C A status 
is determined and issued by neurologist, see Appendix Ilia for the format of the 
form. The T C D operators are very experience and have sound medical 
backgrounds that ensure the quality of the T C D assessments together there is 
continuous quality assurance program comparing with results of angiogram in the 
usual practice. 
Advantage: Transcranial Doppler ultrasonography is used for assessing the 
M C A blood flow velocity. Several studies have shown a good sensitivity and 
specificity in TCD, represents it is a good indicator to assess the intracranial 
artery (see Ch2 Literature Review, section 2.8). Moreover T C D provides a real-
time evaluation of the flow velocity pattern and it is good enough to warrant the 
applicability for repeated measurement [193,194]. The other well-known 
advantage of this technique included its non-invasive, portable and most 
important is the inexpensive cost that can applied to vast majority that provides 
information on the hemodynamics changes. In here, among the 3074 subjects all 
were examined by T C D excepted in 10 with unsuitably condition. 
Pitfall: One of the major limitations in T C D is the lack of acoustic 
windows, 28% discovered with no clear window. The high proportion may due to 
the larger proportion of female (nearly 60%). Besides that T C D is also an 
operator dependent techniques that the diagnostic accuracy depends highly on the 
skill, anatomic knowledge and experience of the operator [21]. More details 
described that the inherent limitations including the insonation angle, spectral 
broadening effect, range resolution of detection 2 vessels simultaneously. 
Moreover the extracranial vascular status and whether the patient in a relaxed 
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environment also can influence intracranial blood flow. Furthermore examiner 
skill, access availability through the skull and arterial identification is also very 
important [195:. 
Physiological variables - which are known to influence the normal blood flow 
velocity in intracranial arteries when assessed by TCD, e.g. elder age, higher 
hematocrit, male gender, metabolic factors，such as lower PCO2, and cardiac 
output of lower heart rate may found with decreased velocity [196]. Several 
studies have showed the importance of these physiological variables, such as an 
inverse relation was verified between blood flow velocity with increased age 
[Ringelstein, 1990 #241; the regression model also showed with negative 
correlated with age and hematocrit [197]. While increased M C A blood flow 
velocity was also found when performing cognitive tasks [198]. 
In order to calculate the cerebral blood flow accurately based on T C D result, 
measurements on average blood flow velocity throughout the vessel and the 
vessel caliber is needed [199]. But no such data is available in here thus our 
concluded T C D result only represent the changed in blood flow velocity, no 
extent meaning on lumen narrowing and cerebral blood flow can be confirmed. 
4.5.4 Statistical Analyses 
4.5.4.1 Odds Ratio 
Chi-square statistic and odds ratio was used as the measurement of association. 
Notice that odds ratio is only a measure of association, not for causation 
[200,201]. 
Suggested that if the outcome incidence is above 10% and the O R is either large 
than 2.5 or less than 0.5, correction on the O R is necessary due to the large 
discrepancy between O R and R R [202]. In here, we have 12.6% cases found with 
abnormal M C A blood flow while none of the significant risk factors with O R 
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larger than 2.5 or less than 0.5 thus no correction made. Several disadvantages 
reported on O R - first it has no direct usefulness. That odds describes the ratio of 
probability of the event occurrence against the probability that will not occur then 
take the ratio of this two for the OR, unlike relative risk that is expressed in terms 
of ratio of probability. Secondly it does not consider the time interval between 
exposure and disease occurrence [203]. 
Nevertheless odds ratio is easy to compute and can show the direction and 
strength of the association between the exposure and the outcome event. 
4.5.4.2 Logistic Regression Model 
Variables selection in multiple regression -
As there were several explanatory variables and they may confound with one 
another, it is necessary to make adjustment for a valid association - Multiple 
Logistics regression is applied to make statistically adjusted odds ratio since the 
outcome variable ( M C A blood flow velocity status) is a binary variable. 
Moreover due to the mathematical point of view that logistic regression model is 
a flexible and easily used function and lends to a biologically meaningful 
interpretation [204]. During the logistic analyses used for the association between 
patients characteristics and the abnormal blood flow velocity, only main effect of 
the characteristics was included in the model, no interaction term involved and 
thus can only define confounder but not effect modifier. In addition the selection 
of the explanatory variable is depended on experience and knowledge on the 
disease property, there is no best unique set strategy. Three main approaches 
were adapted in here: including all explanatory variables, the stepwise methods 
of forward selection and backward elimination and the model-building strategy. 
In fact, it is hard to identify which algorithm provides the best model since 
different algorithms for variable selection may result in different models -
Comments from the SPSS guideline "examine several possible models and 
choose from among them on the basis of interpretahility, parsimony, and ease of 
variable acquisition. ” [205]. 
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Assessment of the regression model -
Hosmer & Lemeshow Goodness-of-Fit test is used for assessing the regression 
model in the multiple logistic model and it be criticized that the grouping may 
contain subjects with widely different values of covariates [206]. This is an area 
for recent research and the software package we used for analyses does not 
provide any other tests to compensate this. Fortunately there is no extreme cases 
in m y data set and the above disadvantage should be attenuated. 
Link function -
Apart from the common logit link function in logistic regression that provides 
with the O R in the final model — the function that used in here. Several GLIM 
macros for the generalized linear model of different parameters is provided (such 
as risk difference, risk ratio and health ratio) by choosing different link functions 
in the generalized linear model [207]. In addition, a complementary log-log link 
function is proposed for the incidence rate ratio [208]. These are in more 
mathematical issues and required with programming package thus no further 
exploration proceeds. 
4.5.4.3 Sources of Error 
Dichotomization -
The cutoff point in continuous variable for dichotomization is important [209] 
and may cause loss of statistical efficiency. In this study, T C D reading on blood 
flow velocity of the interrogated artery is a continuous measure and it has been 
dichotomized into normal velocity and abnormal velocity, the classification are 
made by neurologist and it ensure with accuracy. While the cutoff for blood 
pressure, laboratory tests reading are categorized following the clinical reference 
range. 
Regression dilution bias -
The dilution effect occurred in regression coefficient when a single measured 
value of a covariate was used instead of the usual or average value of the 
covariate over a period of time [210]. The ideally estimator of regression dilution 
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factors can be estimated from a random subsample of the main study and used for 
the adjustment [211]. Regression dilution bias can happen in measurement of 
blood pressure, blood cholesterol, dietary intake and psychological stress, etc, as 
they may change from day-to-day or by threatening experience, such 
misclassification may underestimate the strength of association [212]. In here, the 
collected blood pressure measurements are mainly the BP measured in the clinic 
on the same day as the T C D performance day. For those retrieved from medical 
record, average values may be taken for instead. No correlation analysis is 
performed with the BP measurements, anyway it be only used to classify 
hypertensive individuals. 
Random error 一 
The association found from the analysis may result simply by chance or random 
error due to the variation demonstrated in human beings and populations ~ from 
the statistical sampling theory [210]. Hence confidence interval plays an 
important role in estimating the true effect, the bigger the sample sizes the higher 
precision of the estimations. There is no way to control the random error and they 
are mostly acceptable. Among our selected sample, they are collected in a 
controlled homogeneous clinic environment for reducing the difference. 
Bias -
It is the difference with the truth. There are many types of bias and the most 
important two are selection bias and information bias. Selection bias is the 
systematic difference between those subjects in the study and those not in the 
study, while information bias refers to the false measurement on exposure or 
outcome. As stated early that our subjects are selected from those attending in the 
medical clinic and hence we are clear that the selected subjects are in the clinic-
based rather than a community-based. They are the high-risk groups with known 
vascular risk factors, see above (section 4.2.1 and 4.5.2). On the other hand for 
the issue of information bias - the collected data (exposure) and the M C A status 
(outcome) are derived from the medical record or the T C D report issued by 
neurologist, this approach reduced the bias effectively in a relative convenient 
way see above (section 4.5.3). 
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Confounding 一 
Sometimes the explanatory is not purely between the outcome and the interested 
exposure, which may be due to a third variable - confounding effect. Hence for a 
real association, adjustment in multivariate analysis is essential. 
4.5.5 Result 
4.5.5.1 Prevalence 
The prevalence of abnormal blood flow velocity in M C A among the clinic-based 
Hong Kong high-risk sampling was 12.6% (385/3057) and was independently 
associated with advancing age, hyperlipidemia, hypertension, diabetes and 
ischemic heart disease while inversely weakly associated with body mass index. 
In patients with no traced risk indicators, the prevalence of abnormal M C A status 
was 5.3% and was slightly higher than those with one risk characteristic 7.2%. 
The prevalence is markedly higher in those with more than two risk 
characteristics, 10.6%, 20.4% and 29.6% among those with two, three and four 
risk factors. The drop in those with five risk factors, only 26.7%, may accorded to 
the small number of subjects that associated with that many risk factors in m y 
sample. 
A local autopsy study based on Hong Kong Chinese found that a severe degree of 
atherosclerosis in the intracranial vessel, but there was no report on M C A 
particular [119]. Subjected to the Hong Kong Chinese stroke patients, M C A is 
observed as the most common intracranial lesion of 25% [120] and is comparable 
to the M C A lesion of 27% found among symptomatic blacks patients [28；. 
Unfortunately both studies were based on symptomatic patients, no study found 
based on asymptomatic patients. 
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4.5.5.2 Risk indicators 
Stroke is due to arterial occlusion or rupture - infarction & hemorrhage, in which 
atherothromboembolism and thrombotic occlusion are the principal causes of 
cerebral infarction. From this study, six significant risk indicators was found 
associated with the abnormal blood flow in middle cerebral artery among our 
clinic-based high-risk sampling: elderly of aged 65 years and above, 
hyperlipidemia, hypertension, diabetes and ischemic heart disease were found 
with positive association, while a weak inversely association were showed in the 
higher quartiles of body mass index. 
Elderly -
Age is a well-known strong risk factor for stroke; many studies stated in Ch2 
(Literature Review) have showed that finding. Report on arteriosclerosis 
commented that atherosclerosis is getting more extensive and severe with 
advancing age in Western industrialized countries [145]. Others also found that 
age is also correlated to M C A lesions and carotid atherosclerosis [142,149]. In 
addition, the frequency of silent cerebral infarction is increased with older aged 
[213,214]. 
Furthermore local study in Hong Kong showed that age is significant associated 
with mean intracranial narrowing [119]. Aging is a risk factor but cannot be 
controlled or modified. Thus research on how the aging process lead to the 
disease is urge for further study. In m y result “age，，is found as a strong risk 
indicators of abnormal M C A blood flow velocity that associated with a higher 
adjusted odds ratio and consistent with the others studies. 
Hyperlipidemia — 
Hyperlipidemia is recognized as a major risk factor for coronary heart disease but 
has not been proven for cerebrovascular disease, so far it is only a potential risk 
factor for stroke. Many studies have found the disadvantage of high cholesterol -
positive association between low-density lipoprotein (LDL) and the thickness of 
internal carotid artery plaque [142], together with hypertension and cigarette 
smoking, a cumulative effects on carotid stenosis [215]. Study also found that 
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cerebral blood flow level was reduced among those TIA patients with elevated 
cholesterol (TC) or triglycerides (TG) [216]. The "good cholesterol，，- high-
density lipoprotein (HDL) was lower among the atherothrombotic occlusion 
group than the normal control group, thus discovery that low H D L is related to 
atherosclerosis of the major brain vessels [148,217,218]. Moreover several 
studies studying on the lipid profile has supported that reduced H D L , elevated TC, 
TG, and L D L should consider as the risk factor of cerebral occlusive disease 
；219-222]. While the complete picture on lipids showed a U-shaped relation on 
stroke subtypes. Experience be earned that too low lipids may increase the chance 
of hemorrhagic stroke while too high result in ischemic stroke [223-226]. Thus an 
effective cholesterol lowering treatment is essential for health and for prevention 
of ischemic stroke [227-229]. As those with abnormal M C A status in m y study 
are more prone to atherosclerosis and thus agree on the right side of the U-shaped 
property that increased cholesterol with increased risk of ischemic stroke. 
Local health survey subjected to Hong Kong Chinese showed that the total 
cholesterol (TC) and low-density lipoprotein (LDL) were age-related that rise till 
around 60 years and then decline gradually while only a little changed in high-
density lipoprotein (HDL). Reported also shown a positive relation between 
obesity indices, diastolic blood pressure, TC, TG, and LDL; while a negative 
relation with H D L [230]. 
Hypertension -
It is an established strong risk factor for stroke. Suggested that hypertension may 
aggravate atherosclerosis and induce complex pathological changes in arteries 
and arterioles while hypertension is more likely for infarction than hemorrhage 
[231]. A positive association with carotid atherosclerosis was found [142]. 
Moreover it trigger heart disease that may complicate to stroke as one of the 
mechanism [232]. Positive association in hypertension that - lower diastolic 
blood pressure associated was found with a lower stroke risk [212,225,226], 
while elevated systolic blood pressure found with a significant increased risk 
[233]. Study showed that relative risk and absolute risk were affected by age but 
in an opposite way - the extreme relative risk happened in middle aged while the 
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largest absolute risk is in the elder group and thus put a remark for treatment 
specified for age [225]. Hypertension treatment is crucial for stroke rates, 30% -
40% incidence reduction reported on effective BP treatment [234-236]; compared 
with the 'treated and controlled hypertensives', the attributable stroke risk among 
the 'hypertension treated but uncontrolled' individuals and those 'untreated but 
should be treated' subjects were 3.7% and 24.3% respectively [237]. Furthermore 
25% of stroke deaths was found attributed by hypertension in Lithuania [233] 
while reported that hypertension treatment was estimated to account for about 
10% declined stroke deaths in N e w Zealand [238]. Among the carotid stenosis 
patients, 22% progression which nearly 2/3 were from the placebo group while 
all the 16% regression were from the active anti-hypertension arm in the SHEP 
[239]. Comment made on accelerated hypertensive arteriolar damage is possibly i： 
due to the poor control of hypertension [240]. 
Many studies have found a positive relation between hypertension and 
hyperlipidemia, summarized in (Goode, 1995) [241]. The national study of 
United Status also showed there was a high hypertension prevalence rate in the 
older age group [242]. Hence in facing with the global aging phenomenon, 
detection of blood pressure is essential. But there is certain limitations on clinical 
blood pressure measurement and so home monitoring is also encourage [243]. 
In a case-control study in Hong Kong Chinese, it showed that the attributed risk 
for hypertension on stroke was 24% among aged 60 or above [117]. Among m y 
result, hypertension is a strong risk indicator that associated with M C A stenosis, 
it agrees with the other studies on the importance of good control on hypertension 
and the significant effect of hypertension in stroke. 
Diabetes mellitus -
Diabetes is found as a significant risk indicator on M C A stenosis in m y study 
although it is not a well-established risk factor for stroke. It is with proposed 
contribution to the atherogenesis in the cerebral vessels by multiple lipid 
disorders. Elevated fasting glucose was found with significant associated with the 
maximum internal carotid artery plaque in the univariate analysis but not after 
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adjustment [142]. The independent excess risk of stroke from diabetes is unclear, 
as diabetics have found with higher mean blood pressure and more obese [244]; 
comparing with hypertension, diabetes was less associated with the development 
of stroke [245] but not all studies agreed [246]. Cerebral blood flow has found 
declined with age and diabetes enhanced the reduction [247,248]. Besides 
hypertension, diabetes may also be causally related to other stroke risk factors as 
heart disease and hyperlipidemia are frequently among diabetics stroke patients 
than non-diabetics [248]. 
In Hong Kong, several studies on diabetes mellitus have been conducted. [ 
Resulted with prevalence of diabetes among elderly (aged 60 and above) was 
9.8% and the prevalence rates were increased with age; more overweight and 
obese individuals were found in diabetics [249]. Among the working population 
with mean age 37.5 years, the prevalence of diabetes was 4.5% (5.1% on male 
and 3.6% on female); comparable with the Chinese living in Singapore and 
Mauritius but much lower than those in Mainland China. In addition diabetics 
also found with significant higher B M I and W H R [250]. Research on diabetic 
patients with 17% male and 40% female obesity and 49% of established 
hypertension, in addition abnormal albuminuria is closely associated with 
hypertension and glycaemic control and it is so common in Hong Kong [251]. On 
the other hand, study regarding on acute stroke patients discovered with a high 
prevalence of undiagnosed diabetes (33.5%), a significant high proportion came 
from ischemic stroke, together with 68% and 44% of hypertensives and ever-
smokers in those acute stroke patients [252]. The widespread of diabetes in Hong 
Kong should not be under-attention. 
Ischemic heart disease -
The risk of ischemic heart disease increased as blood pressure elevated. Reported 
that risk of ischemic heart disease can increase even the elevated blood pressure 
is in the upper range of normotensive. The risk of heart attack is 1.70 in mild 
hypertension and 2.0 in moderate to severe hypertension [145]. Significant 
association was found between ischemic heart disease and ischemic stroke [253], 
found a support for m y result. In m y study ischemic heart disease was found as 
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significant for abnormal M C A status while those subjects are more prone to 
atherosclerosis and thus may eventually result in ischemic stroke. Study on those 
classified as first cerebral infarction patients, more than one-fifth showed with 
potential cardiac source of emboli. Within the distribution of cardiac disease: the 
top three were - angina, atrial fibrillation and myocardial infarction with 21%, 
19% and 16% respectively, (other diseases included left ventricular hypertrophy, 
congestive heart failure, mitral valve disease and aortic valve disease, etc.) which 
increased the risk of death and recurrent of stroke [254]. Moreover coronary heart 
disease and peripheral vascular disease were both found significant associated 
with the internal carotid plaque [142]. For ischemic stroke after myocardial 
infarction, there is significant higher proportion happened in the anterior 
circulation and posterior circulation than those without myocardial infarction 
；255]. Heart disease is found with associated with increased risk of cerebral 
I ) 
infarction [246]. Both the therapeutics treatment and the cardiac surgery must be 
practiced in great attention since several studies have showed that together with 
adverse outcome [256-260". 
Body mass index -
Body mass index (BMI) is the most common anthropometric measurement on 
general obesity while waist-hip ratio ( W H R ) is a simple measurement used for 
central fat distribution. The latter one was not included in the multivariate 
analysis due to the large amount of missing data. B M I was found with 83% 
accurately categorizing among the adult women [261]. The threshold values are 
not assessed in here, I only classified it into quartiles. The result obtained in m y 
study showed a weak association of lower risk of abnormal blood flow velocity in 
middle cerebral artery in the third (median 25.7 kg/m^) and top quartiles (median 
29.0 kg/m^) compared to the lowest quartile (referent, median 21.0 kg/m^). It is 
more likely that those lean individuals are associated with occult disease, 
deleterious lifestyles such as under-nutrient, smoking and alcohol intake [262] 
and thus in a relatively higher risk for abnormal M C A blood flow. Some studies 
found that inversely association that hypertensives with low B M I was associated 
with increased risk of death and stroke [262-264], the last two studies were 
among elderly subjects. Moreover a non-linear (J- or U-shaped) relationship is 
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normally found in B M I with mortality and thus the highest risk was in the two 
extremes [265-268]. But this relationship did not found exist in our sampling (p = 
0.26) and it illustrated of the left side of the U-shaped, which may be the reason 
for the inversely associated findings. Nevertheless there was lots of studies 
showed positive relationship between B M I and the risk of stroke or death 
[253,269-272]. In addition a positive significant association was discovered 
between B M I and systolic blood pressure, hematocrit, total cholesterol and 
negatively associated with smoking and physical activity [270]. Attention should 
be paid on childhood underweight or overweight as it is found associated with 
greater risk of adult overweight, together that childhood B M I is found with a 
linear relation with mortality of ischemic heart disease [273]. Thus well 
controlled of B M I in childhood may result with deduced number of mortality and 
morbidity. 
I 
Local study in Hong Kong illustrated that age is significant determinant for B M I 
[274], the higher value of B M I is associated with higher risk of hypertension and 
diabetes mellitus [275]. 
Potential risk factors but not showed with significant 
• Cigarette smoking 
Cigarette smoking was found non-significant associated with the abnormal 
cerebral blood flow velocity after adjusting with the other confounders in this 
study. 19% of stroke deaths is attributed by smoking [233] while a significant 
odds ratio of 2.5 was found among current smoker on cerebral infarction [246]. 
Many studies have identified it as a dose-response risk factor for brain infarction 
[276,277]. Since smoking may increase the blood viscosity by raising the clotting 
factors, decreased cerebral blood flow, promote vasoconstriction and also hasten 
atherogenesis of cerebral arteries. Moreover the nicotine effect may also 
predispose to thrombosis and reduced hemorrhagic stroke [278,279]. Cessation in 
smoking is a safe, inexpensive and effective way to dramatically reduce risk of 
atherosclerotic diseases. 
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Others potential risk factors but not investigated in this study 一 
• Alcoholic consumption 
Due to lack of information, this factor is not studied in m y study. Several studies 
illustrated a U-shaped effect between alcohol consumption and the risk of stroke 
that protective effect was found in moderate alcohol consumption. Just moderate 
consumption can reduce the risk of ischemic stroke under comparison with 
nondrinkers while a significant increased risk in those heavy drinkers [246,280-
284]. Study showed that alcohol consumption increased H D L and it might be the 
protective reason but drinking also associated with hypertension, ！ 
hypertriglyceridemia and glucose intolerance among those with consumed 360g 丨 
.1 
or more alcohol per week in compared with nondrinkers [285]. 丨 
• Physical activity 
l! 
Physical activity is found with reduced risk of ischemic stroke, but only in a weak 
association, and thus concluded that may due by chance [286]. Nevertheless, 
regular reasonable vigorous exercise can improve our physical and mental fitness, 
furthermore it may contributing to the controlling of weight, blood pressure, 
hyperlipidemia and diabetes, suggested by The Working Group on 
Arteriosclerosis of the National Heart (1981) [145]. Unfortunately no such kind 
of information available and future study regarding to this issue on the locality 
may be useful for the public health plan. 
• Emotional factors 
Higher level of expressed angers is associated with increased risk of hypertension 
and coronary hart failure especially in men with ischemic heart disease while the 
more depressive elderly is found with greater stoke incidence but not when 
adjusted with other predictor [286,287]. Keeping a good and stable emotion is 
essential for us to enjoy life and study on this may need to cooperate with the 
psychopathist or psychologist for mental treatment. 
• Healthy diet 
Increase intake in fresh fruit, green vegetable with increased vitamin C intake, 
moderate fish consumption, diet of low salt intake in lowering the high blood 
Page 132 
Asymptomatic Patients (Hong Kong) 
pressure and reduced amount of saturated fat for reducing cholesterol intake, are 
all related to reduced stroke incidence and also lead to decreased in 
atherosclerotic disease [288-291]. A good dietary example is Mediterranean diet 
292]. Diet control is easy and can modify the risk factors such as hypertension, 
hyperlipidemia and obesity. Study regarding on this issue needs the subjects to 
cooperate as information is collected in either self-reported or self-recorded way. 
Multiple major risk factors -
Based on the survey on Hong Kong residents aged 25-74 years [293] - among the 
risk factors of hypertension, hyperlipidemia, diabetes mellitus and cigarette 
：丨 
smoking: 55% of men and 28% of women were found with at least one of the ] 
above risk factors; 12% of men and 8 % of women had at least two while 1.7% of 
men and 1.4% of women had three or four above major risk factors. For those 
found with more than two risk factors, they are mainly those aged 50 and above. 丨 
In order to improve the general health condition in Hong Kong residents, apart 
from effective therapeutics treatment, self-alerted on changed lifestyle related to 
tobacco, alcoholic, exercise, and diet modification for controlling chronic 
diseases are important contributed for stroke preventive intervention. 
I 
In m y study, the sampling was from clinic-based subjects and thus generalization 
may be limited. Moreover only T C D be used as the screening tool for measuring 
the blood flow velocity, no comparable angiogram or neuroimaging elevation 
used and only, no precise diagnosis on the M C A status. 
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Chapter Five 
POPULATION-BASED CROSS-SECTIONAL SURVEY IN A RURAL 
VILLAGE OF HENAN，PEOPLE'S REPUBLIC OF CHINA 
5.1 Background & Purpose 
Cerebrovascular disease is the second leading cause of death in China [294]; with 
the estimation conducted in 1990, there was only 50% of stroke cases in China 
had received treatment [31]. The actual number of deaths in 1990 and the 
baseline estimated figures for year 2000，2010 and 2020 are illustrated in table 
5.1 [294]. As this is expecting with an increasing trend in the future years, the 
importance of identify the risk factors should be done in high priority with no 
delay. 
Deaths caused by Cerebrovascular 
Year disease (in thousands) % of total deaths 
1990 1272 14.32 
2000 1650 15.99 
2010 1909 16.52 
2020 2288 16.42 
Table 5.1 Deaths caused by cerebrovascular disease in China (in 1990; 
estimation for year 2000, 2010 and 2020) 
As it has already mentioned that stroke is actually the consequence of an 
interruption occurred in the blood flow to the brain. Thus cerebral blood velocity 
can be treated as an indicator for identifying the arterial stenosis that has a high 
potential for stroke in the near future. 
The objective in here included investigating the prevalence of asymptomatic 
intracranial large artery stenosis among the mid-aged and above Chinese adult 
who lived in the rural area of China and also to study the association between the 
subject characteristics and the intracranial stenosis. 
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5.2 Methods 
This study was a collaborative work between The Chinese University of Hong 
Kong (CUHK - Hong Kong, PRC) and The Peking Union Medical College 
Hospital ( P U M C H - PRC) conducted in Mainland China. 
5.2.1 Defining the Population 
The population at risk is defined as those mid-aged or above adult who lived in 
the Liang-bei Village，Yuzhou, which is a rural area in Henan, located in the 
ij 
central part of China (see Figure 5.1). Liang-bei Village is a very typical Chinese 
(Han) village with a stable population and most of the villagers are farmers. The 
if 
Study population was chosen of those aged 40 years old or above. With the help 丨 
of Liang-bei Village Committee, we know there is 642 villagers who satisfy this 
age criterion. • 
？ 
s Yuzhou > , 於 : “ ， V r ^ I m ^ 
Figure 5.1 (Left) M a p of China illustrating the location of Yuzhou, Henan; 
(Right) A view of Liang-bei Village, Yuzhou at Henan, 7 0 0 k m 
a w a y from Beijing 
5.2.2 Procedures 
In the early-March of 1999，three experienced researchers from each institutions 
(CUHK and P U M C H ) have brought their ultrasound equipment to Yuzhou for 
performing the transcranial Doppler (TCD) screening on the intracranial artery 
blood flow velocity of the target subjects. 
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The screening center was hold in the local school. All the villagers aged 40 or 
above were invited to come for the T C D examination. Since Liang-bei Village is 
a small, cozy and traditional village, the villagers know each other so well and 
the news of this visit was passed out verbally among them. For those who can not 
come to our screening center due to poor health status (such as severely disabled), 
home visit was arranged to proceed their T C D examination. 
5.2.2.1 Standardized Screening Form 
A standardized screening form, written in simplified Chinese was used for 
t 
collecting data (Appendix Illb). A series of items concerning the demographic 
I 
information, medical history, family medical history and social habit on smoking 
and alcoholic drinking were collected by self-reported information. 
Their body height, weight, waist and hip were measured on site using the metric ‘ 
system. Moreover blood pressure was taken by a sphygmomanometer after at 
least a ten minutes rest. In addition they were told to fast before they come, since 
a spot-urine specimen was required for testing on urine glucose by a urine test 
strips. When the subject has an elevated blood pressure or a positive result in the 
urine glucose test, repeated blood pressure measurement or urine glucose test was 
taken again in the next day. Due to the lack of resources, no blood is drawn for 
laboratory test. 
Preliminarily, the characteristics that considered in this study included self-
reported of past medical history of hypertension, diabetes mellitus, 
hyperlipidemia, heart disease (atrial fibrillation, congestive heart failure, coronary 
heart disease, myocardial infarction and valvular disease), cerebrovascular 
accident (cerebral infarction, cerebral hemorrhage, subarachnoid hemorrhage or 
transient ischemic attack). In addition the social habit in cigarette smoking and 
alcoholic drinking were also reckon. Besides that, the current medication used 
and any family history on hypertension, diabetes mellitus, stroke or heart diseases 
were also recorded in the standardized screening form. 
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5.2.2.2 Transcranial Doppler Examination 
Once the screening form is completed，the subjects were sent for T C D screening -
a non-invasive technique using ultrasound for detecting the cerebral artery blood 
flow velocity. Through the display unit, transcranial Doppler ultrasonography 
uses ultrasound waves to image blood flow in cerebral arteries and veins by using 
Fourier Transform. The details please refer to Appendix 1. For the classification 
of occlusive intracranial arteries, same criteria are used as in W o n g et al (2000)* 
〜occlusive arteries are defined as B F V above 140cm/s (for M C A ) , 120cm/s (for 
ACA)，lOOcm/s (for P C A and VBA), 120cm/s (for ICA-siphon); considered 
together with patients' age, presence of turbulence sound. 
* WONG KS, LI H, CHAN YL, AHUM A, LAM WWM, WONG A, KAY R — Use of 
Transcranial Doppler Ultrasound to Predict Outcome in Patients with Intracranial 
Large-Artery Occlusive Disease (Stroke 2000; 31: in press) 
丨  
In this survey, a portable T C D E M E companion was used to carry out all the 
I 
T C D examinations. A 2-MHz probe was used for the intracranial arteries while a 
4-MHz probe was used for the extracranial arteries. The transducer housing a 
piezoelectric crystal that can both emit and receive ultrasonic waves. 
• I 
The T C D readings on depth, systolic values and mean values of each artery 
(common carotid artery, internal carotid artery, middle cerebral artery, anterior 
cerebral artery, posterior cerebral artery and vertebral-basilar artery) were also 
recorded in the standardized screening form. All the T C D results were interpreted 
by neurologist at the end of the survey, together with the T C D technicians for 
discussing the situation of subjects based on the T C D readings as well as 
considering the subjects characteristics. 
5.2.3 Defining the Risk Factors 
Hypertension It is defined as those has either systolic blood pressure > 160 or 
diastolic blood pressure > 95 in both the first and repeated 
measurements, or with clearly diagnosed as hypertension. 
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Medication on anti-hypertensive drug was not considered as one 
of the hypertension parameter since the researchers discovered 
that their consciousness on medication used were not so reliable 
and many of them were taken the tradition herbal remedy but 
unable to provide a clear description. Hence in order to avoid 
those questionable information, the anti-HT therapy were not 
included in the criteria of hypertension. 
丨丨 
This is treated as a qualitative response - categorized hypertension 
as a dichotomous variable (HT or non-HT). In addition, recorded 
the direct measurement of SBP and D B P reading as continuous 
variable; for those with repeated measurement, it was taken as the 
average of the first and repeated measurements. 
I'； 
Diabetes mellitus For those with a clear diabetes mellitus medical record and 
those suffered with glycosuria, i.e. those detected with 
positive findings in urine glucose on both the first fasting 
spot urine specimen and on the repeated fasting test i 
specimen. 
Current medication taken was not taken into account for 
diabetes classification, same reason as anti-hypertensive 
drug was not used for classified hypertension states in 
above - since this information was not reliable. 
Considered this as a qualitative response - categorized 
diabetes mellitus as a dichotomous variable ( D M or non-
DM). Moreover in the urine strips we used, there was 
several levels of grade for +，++, +++ and ++++ and the 
result on grades was recorded as ordinal variable., for those 
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with repeated measurement, the average value of the first 
and second measurements was taken. 
Hyperlipidemia Among our subjects, there was 12 individuals claimed with 
that. But in fact they were not really understood what is 
hyperlipidemia, moreover there was no blood test provided 
to examine their blood cholesterol during this visit. Thus 
this risk factor was excluded in the statistical analyses in 
order to avoid any bias and errors. 
• I 
Heart diseases Including atrial fibrillation, congestive heart failure, 
coronary heart disease / myocardial infarction and valvular 
heart disease and group them into one group due to the 
small proportions in each category. Hence if the 
！ 
；1 
individuals have any of the above diseases, he / she will be 丨 
Ij 




Cigarette smoking In the screening sheet, three categories for the social 
smoking habit were preliminarily provided (1. never 丨 
1 
smoke, 2. stop smoked for more than three months and 3. 
stop smoked for less than three months / still smoking). For 
the statistical analyses, smoking habit was categorized into 
a dichotomous variable of ever smoked or never smoked 
since there were many doubts on their self-reported of stop 
smoked for more than three months or stop for less than 
three months. 
Alcohol consumption There were three main categories provided for alcoholic 
drinking habits (1. non-drinker, 2. quitted drinker and 3. 
current drinker). Initially the type of wine drink or drank 
such as beer, white wine or liquor were supposed to ask, 
together with how often they drink, their drinking capacity 
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and how long they have developed that drinking habit. For 
those who quitted, how long they have been quit. 
Unfortunately due to the lots of incomplete fill-up 
information, this variable can only be defined 
dichotomously as ever drank or never drink. 
Other risk factors included their family medical history on hypertension, diabetes 
mellitus, stroke and heart diseases; they were all categorized as dichotomous of 
positive or negative. 
丨: 
Moreover the body mass index and waist-hip ratio were calculated for the 
measurement of general and central obesity. Body mass index was body weight I 
in kilogram divided by the square of the body height in meter (kg/m^) and the | 
i l 





；！ 丨  
|| I 
5.3 Statistical Analyses 
The research design was first defined and then followed by the statistical analyses I 
strategies — descriptive summary, univariate analysis and then multivariate | 
i: 
analysis. Finally, to deduce the posterior probability and odds for the event ‘ 
occurrence. Furthermore，to explore the influence on the associated number of 
risk factors to the odds of intracranial large artery stenosis detected by TCD. 
One of the goals of the Yuzhou survey is to identify the subject characteristics 
that associated with the presence of asymptomatic intracranial large artery 
stenosis. 
By the scientific convention, statistical significance level is at 0.05 considered 
with 2-sided. All statistical analyses were performed by SPSS 9.0 (Statistical 
Package for Social Sciences). The details of the statistical technique can be 
referred to the Appendix II — Statistical Methods. 
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5.3.1 Research Design 
This Yuzhou survey can be classified as an Observational study in a Cross-
sectional manner [183] which conducted as a population-based survey. 
Since the transcranial Doppler (TCD) examination was performed only as a tool 
to measure the condition of the artery, nothing is going to influence the status of 
the artery and thus it was classified as observational study. In addition, all the 
relevant information on risk factor was collected during the interview with no |  
extra intervention performed. According to the definition of cross-sectional study, j | 
individuals are observed only once and the status of individuals with respect to 
the presence or absence of both exposure and disease were assessed at the same j | 
point of time [185]. Therefore it solely provide a snapshot of the health ！ 
information and the prevalence of the disease of the selected population at a 
specific point of time. As this survey fulfil the above definition and it should be | 
i 
defined as a cross-sectional survey. Furthermore, all the villagers above the age j 
criterion of 40 or above in Liang-bei Village were invited to come for the 
screening and thus this survey can be considered as a population-based survey. 
5.3.2 Descriptive Summary 
The characteristics of the subjects were described in mean and standard deviation 
for continuous factors or proportion and valid percentage for events occurrence. 
5.3.2.1 Cross-tabulated between Gender 
Literature review showed that several pervious epidemiological surveys 
performed in China have found there were different stroke rates among male and 
female. Male has a higher stroke age-adjusted incidence, prevalence and 
mortality than female [125-127,130,131]. Hence the cross-tabulations of the 
characteristics by sex were constructed so as to exam any baseline differences 
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between the female and male subjects before the analysis of the risk factors was 
performed. 
5.3.2.2 Cross-tabulated between With & Without intracranial large 
artery stenosis 
According to the neurologist's interpretation on the reading of transcranial 
Doppler (TCD) examination, the detailed finding in the brain artery of the subject 
was reported. Then cross-tabulated it with subject characteristics. The dependent ! 
variable was set as the T C D result that was simply categorized into a single j | 
dichotomous outcome as normal or abnormal, in which: 
Normal TCD - represents all the cerebral artery were detected with normal blood 
velocity while Abnormal TCD — implies there was intracranial stenosis in one or 
even more large cerebral artery. 
‘ 
s 
！ I I丨 
I ' 
I ! 丨I 
The statistical tests used included: t-test, for comparing means while chi-squared 
test was used for comparing proportions. If the continuous variable which was 
not normally distributed, non-parametric method of Mann-Whitney test was used | 
for the comparison. If the chi-squared assumption was invalid then the Fisher's 
Exact test was used for instead. Some graphical displays such as histogram, box-
plot etc are used to illustrate the characteristics of the data. For the details of 
those descriptive summary and statistics, please refer to Appendix II (A.2.1). 
In which the one-sample Kolmogorov-Smimov test, Kolmogorov-Smimov 
(Lilliefors) test was used for normality testing while for sample observations less 
than 50, the Shapiro-Wilk test was calculated automatically in SPSS. For the 
graphical display of P-P plots or Q-Q plots, it can also indicate whether the 
variable is normally distributed or not. 
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5.3.3 Measures for Association 
The odds ratio is a valid measure of association between the determinant 
variables and the outcome variable, which is defined in terms of odds rather than 
probabilities as in relative risk but it can be converted to probability eventually 
under certain assumptions. 
5.3.3.1 Univariate analysis 
The crude odds ratio (unadjusted odds ratio) was manipulated from either the 
contingency table or the logistic regression model with corresponding p-value i! 
I 
and the 95% confidence interval. Details of the mathematical introduction were I ！i j | 
written in Appendix II (A.2.2.1). By definition, odds ratio is a measure of |  
association which approximates how likely that the outcome to be present (y = 1) | 
among those with explanatory variable x = 1 than among those with x = 0. 丨  
！1 丨  
I； I： 
For this study, the outcome variable was the interpretation of T C D findings ：! 
！' 
which has binary classified as with and without intracranial stenosis. The 
I 
determinants were the subject characteristics, which is used to identify the risk 
indicators associated with intracranial large artery stenosis. 
1 , 
5.3.3.2 Multivariate analysis 
The crude odds ratio from univariate analysis may not be able to provide the 
complete illustration of the effect on the outcome and also confounding bias may 
come arise in multivariate situation, a generalized multiple logistic regression 
was used to provide an adjusted odds ratio. 
Three sets of multiple logistic regression models were presented — 
(a) Model contains with all independent variables (Full model) 
(b) Stepwise models (Forward & Backward methods) 
(c) Model from the model-building strategy contains those independent 
variables had a significance level of 0.25 or less in the univariate analysis 
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The details of those approaches please refer to Appendix II (A.2.2.2a). 
The data layout in this survey was in a case-by-case structure when processing 
the logistic regression analysis and using the referent group type of coding for the 
dummy variables. The adjusted odds ratios were used to estimate the effects of 
each characteristic on the abnormal T C D findings an intracranial large artery 
stenosis. 
The assessment of the adjusted odds ratio was based on the Wald statistics, 
Appendix II (A.2.2.2.b). While classification table, likelihood ratio test and the 
Hosmer and Lemeshow goodness-of-fit test were used as the assessment on the 
logistic regression model, Appendix II (A.2.2.2.c). 
5.3.4 Modeling the Risks 
The posterior probability on the risk of intracranial stenosis, can be derived from | 
i 
the logistic regression equation. Hence the probability that an individual having 
an abnormal T C D finding according to his or her characteristics on the 
explanatory variables can be estimated from the regression model and also to j 
calculate his/her odds of having intracranial larger artery stenosis, please refer to 丨 
Appendix II (A.2.3) for details. 
5.3.5 Influence of the number of associated risk factors on the 
prevalence of intracranial large artery stenosis 
After identifying the significant risk factors, the association between the number 
of risk factors that a person aged 40 years or above living in a rural area 
associated with and the odds of intracranial stenosis was investigated. Logistic 
regression was applied again in here to compute the odds ratio. 
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5.4 Result 
5.4.1 Baseline characteristics of all examined villagers by Gender 
During the visit to Liang-bei Village, there were 590 aged 40 years old or above 
subjects be screened, covered nearly 92% of the target subject. There were 348 
(59%) female and 242 (41%) male. The characteristics for male and female were 
summarized in table 5.2 
Significant associations were found in the cigarette smoking, and alcohol 
consumption between female and male participants. Observed with more male | 
smokers and alcoholics than in female. Moreover, a significant smaller waist-to- | 
|i 
hip ratio in female than in male villagers. |  
'i 
1丨; j 
On the other hand, there was no significant difference among age, prevalence of ！ 
hypertension, diabetes, heart disease, body mass index, and positive family ! 
•i jj 
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Female Male 
Characteristic n=348 (%) n=242 (%) p* OR 95% CI 
Age Mean (SD) 53.03 (10.83) 54.27 (10.53) 0.17 § - Equal variances assumed 
95% CI for mean 51.89 - 54.18 52.94 - 55.61 
Median 50.00 53.00 0.08 # 
25 - 75 percentiles 44.00 - 60.00 45.75 - 61.25 
min - max 40.00 - 87.00 40.00 - 85.00 
Tests of Normality (p < 0 . 0 0 1 )卞（p < 0.001)卞 
(p< 0.001) t (p = 0.05) t  
Hypertension 74 (21.3) 57(23.6) 0.51 1.14 0.77 1.69 
Diabetes mellitus 24 (6.9) 23 (9.5) 0.25 1.42 0.78 2.58 
Heart Disease 22(6.3) 8 (3.3) 0.10 0.51 0.22 1.16 
Include Atrial fibrillation 5 1 
Congestive heart � • 
failure 
Coronary heart ^^ j j 
disease 
Valvular disease 3 1 
Ever cigarette smoked 1 (0.3) 177 (73.1) < 0 . 0 1 9 4 4 . 9 1 130.04 6866.09 
Include ex - smoker 0 29 
Current smoker 1 148 
Ever alcoholic drank 18 (5.2) 162 (66.9) < 0 . 0 1 3 7 . 1 3 2 1 . 5 3 6 4 . 0 1 
Include ex-drinker 0 11 
Current drinker 18 
With positive family history 54 (15.5) 50 (20.7) ST i 2 ^ 7 
on Hypertension 33 (9.5) 34(14.0) 0.09 1.56 0.94 2.60 
on Diabetes 12(3.4) 10 (4.1) 0.67 1.21 0.51 2.84 | 
on Stroke 14 (4.0) 5 (2.1) 0.19 0.50 0.18 1.42 j| 
on Heart disease 10(2.9) 14 (5.8) 0.08 2.08 0.91 4.75 I 
1' 
Number of positive family history 
None 294 192 | 
One 40 40 
Two 13 7 
Three 1 3 
BMI Mean (SD) 24.07 (3.05) 23.69 (3.00) 0.13 § - Equal variances assumed 
95% CI for mean 23.75 - 24.39 23.30 - 24.07 
Median 23.96 23.42 0.11 # 
25 - 75 percentiles 21.74 - 26.18 21.72 - 25.26 
min - max 17.30 - 35.52 15.57 - 34.68 
Tests of Normality (p = 0.20) f (p = 0.02) f 
(p = 0.66) t (P = 0.28) t  
WHR Mean (SD) 0.86 (0.05) 0.89 (0.05) < 0.01 § - Equal variances assumed 
95% CI for mean 0.86 - 0.87 0.88 - 0.90 
Median 0.86 0.90 < 0.01 # 
25 - 75 percentiles 0.83 - 0.89 0.86 - 0.92 
min - max 0.71 - 1.07 0.73- 1.00 
Tests of Normality (p = 0.03) t (P < 0.01)卞 
(P = 0.33) t (P = 0 . 1 2 ) t  
* Without otherwise stated, the p is derived from chi-squared for association 
§ T-test for equality of means 
# Non-parametric method : Mann-Whitney U Test 
卞 Test of Normality - Kolmogorov-Smirnov with Lilliefors Significance Correction 
t Test of Normality - One Sample Kolmogorov-Smirnov Test 
Table 5.2 Baseline characteristics of all screened Liang-bei Villagers by sex 
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5.4.1.1 Age by Gender 
The overall mean ages was 53.5 years with SD 10.7 years, with mean age 土 SD 
of 53.0 士 10.8 years for female and 54.3 士 10.5 years for male. There was no 
significant difference between age in gender on both the parametric test (t-test 
with p = 0.17 while the Levene's test with p = 0.55 indicated for the equality of 
variances is assumed) and the non-parametric test (Mann Whitney U-test of U = 
38564.5 and with p = 0.08 while n^ .^ j, = 348 and n^^, = 242). 
Boxplot of Age 
1001  





LU 40 I ———— 
O 
< 30 
N = 348 242 
female male O represents outliner 
• 1 
S E X 丨 
Figure 5.2a Box-and-whisker plot of age by sex 
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Figure 5.2b Frequency histograms of age for female and male 
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Since the study population was those aged 40 years or above, the age 
distributions are slightly right-skewed for both sex. Significant non-Gaussian 
distribution showed by normality test and also illustrated in the P-P plots. 
Normal P-P Plot of A G E Detrended Normal P-P Plot of A G E 
For SEX=female For sex=female 
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Figure 5.2c P-P plots of age for female and male 
For data come from normal distribution, the points should lie along on the 
diagonal line of the normal P-P plot and scattered randomly in the detrended plot 
around the zero line. Hence the age data from Yuzhou in both gender were not 
quite normally distributed. 
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5.4.1.2 Medical History of HT, DM and Heart disease by Gender 
The prevalence of hypertension, diabetes mellitus and heart disease were 21.3%, 
6.9% and 6.3% V S 23.6%, 9.5% and 3.3% for female and male respectively. 
There was no significant association found between them and the gender (with p 
=0.51，0.25 and 0.10 respectively). 
5.4.1.3 Social habit in Cigarette smoking and Alcoholic drinking by 
Gender 
This Yuzhou survey also observed that there was far more male ever-cigarette 
smoked and ever-alcohol drank than female that shown with strong statistical 
significant association among them. For cigarette smoking, there was 73.1% male 
smokers V S 0.3% female smokers (p < 0.01) while for alcoholic drinking, there 
was in a less extent that 66.9% male alcoholics V S 5.2% female alcoholics (p < 
0.01). 
5.4.1.4 Family History of HT, DM，Stroke and Heart disease by Gender 
Among the family history of hypertension, diabetes, stroke and heart disease, 
there were 14.0%, 4.1%, 2.1% and 5.8% of male claimed with the above family 
medical history while 9.5%, 3.4%, 4.0% and 2.9% of female had these family 
history backgrounds. None of the above family disease found with significant 
association between gender, the correspondence p-value was 0.09, 0.67，0.19 and 
0.08. Overall there was 20.7% of male subjects had at least one of the above 
family medical history V S 15.5% in female subjects, there was also no significant 
relationship between gender. 
The following bar chart (figure 5.3) showed the observed proportion in the above 
characteristics midst in female and male — factors included prevalence of 
hypertension, diabetes mellitus, heart disease, social smoking and alcoholic 
drinking habit and positive family history of hypertension, diabetes, stroke and 
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heart disease. In which, there was no significant difference among gender apart 
from the social habit of cigarette smoking and alcohol drinking. 
Risk Factors on Female & Male 
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Figure 5.3 Clustered bar chart of the percentages of the characteristics 
a m o n g female and male participants 
5.4.1.5 Body Mass Index and Waist-to-Hip Ratio by Gender 
In order to measure obesity, bode mass index (BMI) and waist-hip ratio (WHR) 
were used. 
The mean value of body mass index was found higher in the female than the male 
participants in the Liang-bei Village, 24.1 kg/m' (SD 3.0 kg/m') V S 23.7 kg/m' 
(SD 3.0 kg/m^) but there did not reached statistical significant difference. 
Parametric test: t-test with p = 0.13 while Levene's test with p = 0.37 of assumed 
equal variances. Non-Parametric test: Maim Whitney of U = 37968.0 and with p 
=0.1108 while rife服le = 346 and = 238. 
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Boxplot of BMI 
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Figure 5.4a Box-and-whisker plot of BMI by sex 
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Figure 5.4b P-P plots of BMI for female and male 
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The above P-P plots illustrated that B M I for female was quite normally 
distributed as the observed data point closely lie on the diagonal line, but not for 
the case of male B M I data. 
While in the waist-to-hip ratio, female was found with a significant lower W H R 
than male. The mean (SD) of 0.86 (0.05) and 0.89 (0.05) in female and male 
respectively. Significant difference showed in both the parametric and non-
parametric methods. T-test with p < 0.01 while Levene's test with p = 0.98 of 
assumed equal variances, and Mann-Whitney of U = 26886.0 with p < 0.01 while 
nfie = 346and n^ie = 237. 
The test of normality showed they were not quite normally distributed in both sex, 
this was also indicated in the following P-P plots on W H R . Those W H R data 
points did not lie closely on the diagonal line in both the female and the male P-P 
plot. 
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Figure 5.5a Box-and-whisker plot of W H R by sex 
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Normal P-P Plot of W H R Detrended Normal P-P Plot of W H R 
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Figure 5.5b P-P plots of W H R for female and male 
The conclusion on B M I and W H R in the screened villagers showed that female 
had a non-significant larger B M I than male, together with a significant lower 
W H R than the male participants. 
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5.4.2 Distribution of the Diseased intracranial artery 
Based on the transcranial Doppler reports among the 590 Liang-bei Villagers, 41 
(6.9%) of them were found with intracranial large artery stenosis. 
There was 17 (41.5%), 10 (24.4%), 7 (17.1%), 6 (14.6%) and 1 (2.4%) subjects 
had observed with one, two, three, four or five diseased intracranial large arteries. 
In total, there were 87 problem arteries among the screened subjects. Those 
diseased arteries were mainly found in middle cerebral artery (47.1%) and 
anterior cerebral artery (33.3%), full description was illustrated in table 5.3. 
Diseased No. of Problem side Total no. of Dis. 
artery* subjects Left Right BilateraT Arteries 
M C A 29 10 7 12 41 
A C A 20 8 3 9 29 
P C A 4 2 2 0 4 
ICA 1 0 1 0 1 
TICA 2 0 2 0 2 
Siphon 2 2 0 0 2 
V A 3 1 1 1 4 
V B A 3 3 0 0 3 
B A 1 ™ — 1 
Table 5.3 Distribution and number of the diseased artery found a m o n g the 
41 subjects with intracranial stenosis 
* M C A — middle cerebral artery 
A C A - anterior cerebral artery 
P C A — posterior cerebral artery 
ICA - internal carotid artery 
TICA - terminal internal carotid artery 
Siphon - siphon-ICA 
V A — vertebral artery 
V B A — vertebral-basilar artery 
B A — basilar artery 
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In our survey, the technician reported that there was 37 (6.3%) villagers did not 
have clear temporal windows, shown in table 5.4. Hence orbital window is used 
for instead. 
Temporal Window {M=5Q0) % 
Clear (ie. normal) 553 93.7% 
Poor temporal window(s) left --- ---
right 2 0.3% 
bilateral 1 0.2% 
No temporal window(s) left 2 0.3% 
right 0 0.0% 
bilateral 31 5.3% 
Combination on 
ntw (L) & ptw 1 0.2% 
Table 5.4 Condition of the temporal windows of all screened subjects 
5.4.3 Characteristics between subjects with and without intracranial large 
artery stenosis 
The T C D result was classified dichotomously into normal and abnormal hence 
there was 549 normal subject with normal blood velocity in cerebral artery VS 41 
abnormal subject with abnormal blood velocity in the cerebral artery that implied 
of stenosis. Their characteristics were cross-tabulated in table 5.5. 
Significant difference and association were found in hypertension, diabetes 
mellitus, heart disease and family history of stroke between those with and those 
without intracranial large artery stenosis (ICS). 
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No. (%) without ICS No. (%) with ICS p * 
Characteristic (n=549) (n=41) 
Age Mean (SD) 53.32 (10.59) 56.59 (11.96) 0.06 § 
95% CI for mean 52.43 - 54.20 52.81 - 60.36 
Median 51.00 56.00 0.10 # 
25 - 75 percentiles 45.00 • 60.00 44.50 - 67.00 
Min - max 40.00 - 87.00 40.00 - 82.00 
Tests of Normality (p< 0.001) f (p = 0.04) ：!： 
Male 230 (41.9) 12(29.3) 0.11 
Hypertension 113 (20.6) 18 (43.9) < 0.01 
Diabetes mellitus 38 (6.9) 9 (22.0) < 0.01 (fe) 
Heart Disease 23 (4.2) 7 (17.1) < 0.01 (fe) 
Ever cigarette smoked 169 (30.8) 9 (22.0) 0.24 
Ever alcoholic drank 170 (31.0) 10 (24.4) 0.38 
With positive family history 95 (17.3) 9 (22.0) 0.45 
FH on Hypertension 61 (11.1) 6 (14.6) 0.45 (fe) 
FH on Diabetes 22 (4.0) 0 0.39 (fe) 
FH on Stroke 14 (2.6) 5 (12.2) 0.01 (fe) 
FH on Heart disease 22 (4.0) 2 (4.9) 0.68 (fe) 
BMI Mean (SD) 23.92 (3.04) 23.82 (3.01) 0.83 § 
95% CI for mean 23.67-24.18 22.87 - 24.77 
Median 23.63 23.46 0.81 # 
25 - 75 percentiles 21.72 - 25.88 21.55 - 25.60 
Min - max 15.57-35.52 18.69-31.63 
Tests of Normality (p < 0.01) t (P = 0.46) t 
WHR Mean (SD) 0.87(0.05) 0.87 (0.05) 0.70 § 
95% CI for mean 0.87 - 0.88 0.85 - 0.89 
Median 0.87 0.87 0.72 井 
25 - 75 percentiles 0.84 - 0.90 0.84 - 0.90 
Min - max 0.71 - 1.07 0.77 - 0.96 
Tests of Normality (p = 0.02)卞 （p = 0.46) t 
* Without otherwise stated, the p is derived from the chi-square for association 
(fe) Fisher's exact test 
§ T-test for equality of means 
# Non-parametric method: Mann-Whitney U Test 
t Test of Normality - Kolmogorov-Smirnov with Lilliefors Significance Correction 
t Test of Normality - Shapiro-Wilk test 
Table 5.5 Cross-tabulation and association between the subject 
characteristics and T C D result on intracranial large artery stenosis 
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5.4.3.1 Age 
There was no significant age difference found between those found with 
intracranial stenosis (ICS) and those without. But those ICS subjects were 
observed with older age than the normal subjects, mean age 土 SD of 56.59 土 
11.96 years in the ICS group and 53.32 士 10.59 in the normal group. Statistical 
result: T-test showed with p = 0.06 while the Levene's test with p 二 0.12 
indicated for the equality of variances. Mann Whitney U-test of U = 9497 and 
with p = 0.10 while n^^^i and n^ bnormai were 549 and 41 respectively. See diagrams 
in figure 5.6a and 5.6b for the characteristics of age. 
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5.4.3.2 Gender 
There were no significant association found between gender (41.9% male in the 
normal V S 29.3% male in the abnormal, with p = 0.11). 
5.4.3.3 Medical History of HT，DM and Heart disease 
According to the medical history, there were very strong statistically significant 
association in hypertension, diabetes mellitus and heart disease between normal 
subjects and ICS subjects, all have p-value < 0.01. For hypertension (20.6% in 
normal group V S 43.9% in the ICS group), diabetes (6.9% V S 22.0%), heart 
disease (4.2% V S 17.1%). 
5.4.3.4 Social habit in cigarette smoking and alcohol drinking 
Statistical test showed there was no significant in these two factors between the 
normal and the ICS subjects. In cigarette smokers (30.8% was in the normal 
group V S 22.0% in the ICS group, with p = 0.24) and alcoholics (31.0% V S 
24.40/0，with p = 0.38). 
The succeeding cluster bar chart showed the percentage of the subject 
characteristics with respect to the T C D result on intracranial large artery, figure 
5.7. Statistical significant was found in HT, D M and heart disease. 
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5.4.3.5 Family History of HT，DM，Stroke and Heart Disease 
For family history of hypertension (11.1% in normal group V S 14.6% in the ICS 
group, p 二 0.45), diabetes (4.0% VS 0.0% of p = 0.39) and heart disease (2.6% 
VS 12.2% of p = 0.68), no statistical significant association found between this 
three family history of disease with the stenosis of intracranial artery. On the 
other hand, there was a very strong association found in those with family history 
of stroke (2.6% in the normal group VS 12.2% in the ICS group, p 二 0.01) 
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5.4.3.6 Body Mass Index and Waist-to-Hip Ratio 
Furthermore there was no significant difference in the B M I and W H R between 
the normal subjects and the ICS subjects. 
The mean B M I and SD were 23.92 士 3.04 kg/m' and 23.82 士 3.01 kg/m' in 
normal and ICS groups. The ICS group inspected with a slightly non-significant 
lower body mass index. Parametric test: t-test with p = 0.83 while the Levene's 
test with p = 0.88 of equal variances assumed. Non-Parametric test: Mann 
Whitney of U = 10878.0 with p = 0.81 and rv^a! = 543 and n,bnormai = 41. 
While the mean W H R and SD were 0.873 土 0.053 and 0.870 士 0.048 in the 
normal and ICS groups respectively. Due to the rounded off, there was no 
difference in 2 decimal place and so 3 decimal place was used for distinction. In 
which p = 0.70 in the parametric t-test with Levene's test of p = 0.48 thus 
assumed of equality in variances; while p = 0.72 in the non-parametric Mann 
Whitney U-test with U = 10733 and n„。_i = 542 and = 41. Figure 6.9 (a-b) 
was used for illustrating the W H R property. 
In order to make the interpretation more easily, the continuous B M I and W H R 
were divided in quartiles. The following figure 5.9a and 5.9b displayed the 
graphical illustration for BMI, while figure 5.10a and 5.10b illustrated for the 
W H R data property. 
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Figure 5.9a Box-and-whisker plot of body m a s s index by intracranial artery 
status 
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Figure 5.9b Cluster bar chart of the percentages of BMI quartiles by 
intracranial artery status 
Page 161 
Asymptomatic Subjects (Yuzhou) 
Boxplot of WHR 
1.1, 
Q 
1.0 R  
•9, 1 1 
g  
I .8 J L _ _ J L _ 




N = 542 41 
Normal Abnormal • represents outliner 
TCD Result 
Figure 5.1 Oa Box-and-whisker plot of waist-hip ratio by intracranial artery status 
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Figure 5.10b Cluster bar chart of the percentages of WHR quartiles by 
intracranial artery status 
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5.4.3.7 Other Measurements 一 on BP and Urine Glucose 
These measurements have been used in defining hypertension (systolic blood 
pressure and diastolic blood pressure) and glycosuria (urine test on urine glucose). 
Table 5.6 listed the summary statistics and comparison result between those 
found with normal and abnormal intracranial artery status. While figure 5.11 and 
figure 5.12 were the diagrams of the cluster box plot on the reading of blood 
pressure and the 100% stacked bar chart on the level of urine glucose. 
No. (%) of subjects No. (%) of subjects 
Characteristic p  
Without ICS (n=549) with ICS (n=41)  
SBP mean (SD) 133.56 (22.99) 153.12 (32.25) <0.01 § 
(mmHg) 95% CI for mean 131.64-135.49 142.94-163.30 
Median 130.00 145.00 < 0.01 # 
25 - 75 percentiles 120.00 - 145.00 127.50 - 172.50 
min - max 90.00 - 230.00 105.00 - 220.00 
DBP mean (SD) 81.26 (12.58) 85.44 (14.16) 0.04 § 
(mmHg) 95% CI for mean 80.21-82.32 80.97-89.91 
Median 80.00 85.00 0.04 # 
25 - 75 percentiles 70.00 - 90.00 80.00 - 92.50 
min - max 50.00-165.00 60.00-120.00 
Urine mean (SD) 0.13 (0.59) 0.39 (1.02) 0.12 § 
Glucose 950/0 CI for mean 0.08-0.18 0.07-0.71 
Median 0 0 0.01 # 
min - max 0 - 4 0 - 4 
§ T-test for equality of m e a n s 
# Non-parametric method: Mann-Whitney U Test 
Table 5.6 Clinical m e a s u r e m e n t cross-tabulated with intracranial artery 
status - systolic blood pressure, diastolic blood pressure a n d the urine glucose 
m e a s u r e m e n t s 
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Figure 5.11 Clustered box-and-whisker plot of S B P and D B P by intracranial 
artery status 
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Figure 5.12 100 % Stacked bar chart of the reading on strips for urine glucose 
by intracranial artery status 
Statistical significant differences were found in the systolic and diastolic blood 
pressure among those normal subjects and those ICS subjects. Higher 
measurements were found among the ICS group than the normal group, while the 
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association in SBP was stronger than DBP. In addition, the 100% stacked bar 
chart in figure 5.12 illustrated that most of those observed with positive urine 
glucose reading in the urine strips were subjects with ICS although there was no 
statistical significant found. 
ODDS RATIO 
Measure for association - odds ratio is used as the measure of likelihood 
association between the explanatory variables and the outcome variable with 
illustating its magnitude and direction. 
5.4.4 Unadjusted Odds Ratio 
Crude odds ratio or called unadjusted odds ratio was first computed from the 
univariate analysis, with its 95% confidence interval and p-value; calculated 
either from the contingency table or the univariate logistic regression. Apart from 
the numeric rounding error, same result was derived from the two approaches. 
These two approaches were examined in the Appendix II - Statistical Methods 
with more mathematical detail (A.2.2.1). 
5.4.4.1 By contingency table method 
Crude odds ratio can be derived by simply formula once the 2x2 contingency 
table is constructed. The result was illustrated in the following table 5.7. For 
continuous variables, such as age, B M I and W H R that needed to classify into 
categorical variables otherwise this method can not be adapted. 
(a) Significant Risk Factors 
There was five significant risk factors found from the crude odds ratio - effect of 
age (p = 0.03), hypertension (p < 0.01), diabetes (p < 0.01)，heart disease (p < 
0.01)，family history of stroke (p < 0.01). This univariate analysis result showed 
that older people, hypertensives, diabetics and those with heart disease was more 
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likely to find with intracranial stenosis than the (relatively) younger, non-HT, 
non-DM and those without heart disease. 
Liang-bei Villager (N=590)  
Unadjusted odds ratio p 
(95% CI)  
A ^ 0.03 
<45 1.00 
45 - 54 0.67 (0.27-1.64) 0.48 f 
55 - 64 0.78 (0.29-2.12) 0 .801 
>=65 2.10 (0.89-4.93) 0.13 t 
Sex 
Male 0.57 (0.29-1.15) 0.11 
Female  
Hypertension 3.02 (1.58-5.79) < 0.01 
Diabetes 3.78 (1.68-8.50) < 0.01 § 
Heart Disease 4.71 (1.89-11.75) <0.01 § 
Cigarette Smoker 0.63 (0.30-1.35) 0.24 
Alcoholic Drinker 0.72 (0.35-1.50) 
Family History - HT 1.37 (0.55-3.39) 0.45 § 
Family History - DM 0.28 (0.02-4.74) 0.39 卞 
Family History - Stroke 5.31 (1.81-15.56) < 0.01 § 
Family History - Heart Disease 1.23 (0.28-5.42) 0.68 § 
Body Mass Index 0.99 
1st tile 15.57-21.72 1.00 
2nd tile 21.72 - 23.59 1.12 (0.46-2.72) 0.83 t 
3rd tile 23.63 - 25.72 0.99 (0.40-2.46) 1.00 卞 
4th tile 25.81 - 35.52 1.00 (0.40-2.48) 1.00 t 
Waist Hip Ratio 0.40 
1st tile 0.71 - 0.84 1.00 
2nd tile 0.84 - 0.87 0.87 (0.34-2.20) 0.82 t 
3rd tile 0.87 - 0.90 1.46 (0.64-3.36) 0.41 卞 
4th tile 0.91-1.07 0.69 (0.26-1.88) 0.62 卞 
卞 by Fisher's Exact test, using the approximation of Woolf for the 95% CI performed by 
GradPad InStat 
it by chi-square test, with Yate's continuity correction performed by GradPad InStat 
§ by Fisher's Exact test performed by SPSS 
Table 5.7 Unadjusted odds ratio obtained from the contingency table 
method between the subject characteristics and intracranial stenosis 
5.4.4.2 By logistic regression model 
The crude odds ratio obtained from the univariate logistic regression model was 
shown in the following table 5.8. For those continuous variables, both the 
Page 166 
Asymptomatic Subjects (Yuzhou) 
categorical format and the continuous format is manipulated for OR. An extra 
quadratic term was used to assess for the non-linear property - in B M I and W H R 
as there was always suspected a U-shaped or a J-shaped in anthropometric index. 
(a) Significant Risk Factors 
Significant risk was found in age (only significant when categorical into four 
custom groups as in [lb] with p = 0.04), hypertension (p < 0.01), diabetes (p < 
0.01)，heart disease (p < 0.01) and had family history of stroke (p < 0.01). 
Moreover the non-linear relationship of U-shaped or J-shaped was found in 
neither B M I nor W H R since the models with extra quadratic terms did not find 










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Asymptomatic Subjects (Yuzhou) 
5.4.5 Adjusted Odds Ratio 
The multivariate model was required to provide a situation for adjusting the 
confounding effect so as to derive the adjusted odds ratio for association and 
assessing the risk. There was an enormous possible combination for the 
multivariate model and three approaches used in here -
1. Full Model (Enter method) 
2. Stepwise Models (Forward and Backward methods) 
3. Model-Building strategy 
More descriptions regarding the above approaches were written in Appendix II 
(A.2.2.2). 
5.4.5.1 Entering all explanatory variables: 
This multivariate logistic regression model contains all thirteen explanatory 
variables — among the total 590 cases, 9 cases were excluded during the 
computation due to missing or incomplete data. The final fitted logistic 
regression model was shown in table 5.9. 
(a) Significant Risk Factors 
To assess the coefficient of the explanatory variables in the model by the 
corresponding p-values that derived from the Wald statistics. From this model, 
there was found with four significant risk factors. 
They were: (showed with adjusted OR and its 95% confidence interval) 
• Hypertension: 2.53 (1.12-5.72) with p = 0.03 
• Diabetes: 3.08 (1.19 — 7.97) with p - 0.02 
• Heart disease: 4.03 (1.39- 11.66) with p = 0.01 
• Family history of stroke: 5.29 (1.38 — 20.32) with p = 0.02 
(b) Assess the Model 
In order to assess the model, likelihood ratio test was used. 
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The - 2 log likelihood with only constant in the model, -2LLo = 296.43 while 
the - 2 log likelihood of the logistic regression model, -SLL^^ter) = 252.86. Hence 
the associated p-value < 0.01 with a degrees of freedom of 19, significant 
difference showed between the constant model and the fitted model. 
Moreover Hosmer & Lemeshow goodness-of-fit was also used. 
This goodness-of-fit test showed with a chi-square of 2.00 with 8 degrees of 
freedom, equivalence with a p-value of 0.98. The larger the p-value, the more 
effective the model specified the outcome event. 
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Liang-bei Villager (N=590) 
B SE Adjusted odds ratio P 
(95% Cl) 
Age 0.25 
< 45 1.00 
45-54 -0.628 0.490 0.53 (0.20-1.39) 0.20 
55-64 -0.637 0.578 0.53 (0.17-1.64) 0.27 
>= 65 0.179 0.541 1.20 (0.41-3.45) 0.74 
Sex 
Male -0.812 0.688 0.44 (0.12-1.71) 0.24 
Female 1.00 
Hypertension 0.930 0.416 2.53 (1.12-5.72) 0.03 
Diabetes 1.124 0.486 3.08 (1.19-7.97) 0.02 
Heart Disease 1.393 0.542 4.03 (1.39-11.66) 0.01 
Cigarette Smoker 0.149 0.775 1.16 (0.25-5.30) 0.85 
Alcoholic Drinker 0.335 0.565 1.40 (0.46-4.23) 0.55 
Family History - HT 0.110 0.583 1.12 (0.36-3.50) 0.85 
Family History - DM -6.302 11.951 0.00 (0.00-2. 7E+ 7) 0.60 
Family History - Stroke 1.666 0.686 5.29 (1.38-20.32) 0.02 
Family History - Heart Disease -0.145 0.893 0.87 (0.15-4.98) 0.87 
Body Mass Index 0.90 
1 st tile 1.00 
2nd tile 0.131 0.494 1.14 (0.43-3.00) 0.79 
3rd tile -0.127 0.518 0.88 (0.32-2.43) 0.81 
4th tile -0.242 0.523 0.79 (0.28-2.19) 0.64 
Waist Hip Ratio 0.71 
1 st tile 1.00 
2nd tile 0.083 0.525 1.09 (0.39-3.04) 0.87 
3rd tile 0.254 0.488 1.29 (0.50-3.35) 0.60 
4th tile -0.349 0.587 0.71 (0.22-2.23) 0.55 
CONSTANT -2.732 0.527 < 0.01 
Predicted Predicted 
Normal Abnormal Correctly 
Observed Normal I 539 1 99.81% 
38 3 7.32% Abnormal 
93.290/0 
Table 5.9 Multivariate logistic regression model with all independent 
variables (Enter) and its classification table 
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Hence after adjusting for the demographic factors, subject characteristics in 
personal medical history, family medical history and the unhealthy social habit 
on cigarette smoking and alcohol drinking, there were four statistical significant 
risk factors. Hypertensive subjects were 2.53 times more likely to be found with 
intracranial large artery stenosis than the non-hypertensives. Moreover 3.08 times 
higher chance of intracranial stenosis for the diabetics than non-diabetics and 
4.03 times more likely of abnormal intracranial artery status in those with heart 
disease than those without heart disease. Furthermore positive family history of 
stroke found with the highest risk, 5.29 times higher the odds in those with traced 
family history of stroke than those without family history. Therefore clear 
knowledge on past family medical history is important. 
The above classification table showed an overall rate of correct classification was 
of 93.29%, with 99.81% for correct normal findings and 7.32% for correct 
intracranial stenosis findings regarding to the multivariate logistic regression 
model based on this full model of entering all explanatory variables. 
5.4.5.2 Using the Stepwise methods available with the probability for 
entry is 0.05 and 0.10 for removal: 
There was four stepwise methods used — Forward stepwise selection, Forward 
likelihood-ratio criterion, Backward stepwise elimination and Backward 
likelihood-ratio statistic - the details were described in the Appendix II (A.2.2.2a). 
For forward method, begins with constant model while for backward method, it 
starts off with the model containing all explanatory variables. Then according to 
the individual forward selection or backward elimination criteria to compute the 
final model in which no more variables can be added or deleted according to 
those preset criteria. Nine cases among the total 590 cases were excluded during 
the computation due to the missing or incomplete data. 
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1 Forward Stepwise (Wald) Method -
Only the significant risk factors remained in the final fitted model, four 
significant risk factors were found. The final model was presented in table 5.10. 
la. Significant Risk Factors 
They were: (showed with adjusted OR and its 95% confidence interval) 
• Hypertension: 2.19 (1.08 — 4.41) with p = 0.03 
• Diabetes: 2.70 (1.21 — 6.51) with p = 0.03 
• Heart disease: 4.24 (1.59- 11.28) withp < 0.01 
• Family history of stroke: 4.83 (1.52 — 15.33) with p < 0.01 
lb. Assess the Model 
The - 2 log likelihood with only constant in the model, -2LLq = 296.43 while 
the —2 log likelihood of the logistic regression model, -2LLM(F�rstep) 二 267.95. 
Hence the associated p-value < 0.01 with a degrees of freedom of 4. There was 
shown with significant difference between the constant model and the fitted 
model. 
The Hosmer & Lemeshow goodness-of-fit test shown with a chi-square of 1.30 
with 1 degrees of freedom, equivalence with a p-value of 0.25. But this statistic 
was calculated from fewer than 6 groups. 
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METHOD Liang-bei Villager (N=590) 
B SE Adjusted odds ratio p 
(95% CI) 
Forward Wald HT 0.782 0.359 2.19 (1.08-4.41) 0.03 
DM 0.995 0.448 2.70 (1.12-6.51) 0.03 
Heart Disease 1.444 0.500 4.24 (1.59-11.28) <0.01 
FH - Stroke 1.576 0.589 4.83 (1.52- 15.33) <0.01 
Constant -3.175 0.233 <0.01 
Predicted Predicted 
Normal Abnormal Correctly 
Observed Normal 537 3 99.44% 
Abnormal 38 3 7.32% 
92.94% 
Table 5.10 Multivariate logistic regression model and its classification table 
by Forward Stepwise (Wald) method 
The classification table for this model showed with an overall estimated rate of 
correct classification of 92.94%, while 99.44% for predicting the normal status 
correctly and 7.32% for predicting the intracranial large-artery stenosis. 
The explanatory variables in the final fitted model were all significant, and found 
consistent with the previous model (full model by Enter method in table 5.9). 
Same significant risk factors in same effect direction and magnitude order, only 
with difference effect size. 
2 Forward Likelihood Method -
The final model was the same as the above model of the Forward Stepwise 
method in table 5.10. 
3 Backward Stepwise (Wald) Method -
The same final model derived as the final model of the Forward Stepwise method 
and the Forward Likelihood method, table 5.10. 
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4 Backward Likelihood Method -
Backward Likelihood-Ratio had a slightly different model compared with the 
above three stepwise methods, with an extra non-significant independent 
explanatory variable in the final model - family history of diabetes mellitus. 
Detail of the final model was shown in the following table 5.11. 
4a. Significant Risk Factors 
There was five explanatory variables in the final model, they were: (showed with 
adjusted OR and its 95% confidence interval) 
• Hypertension: 2.17 (1.07 - 4.40) with p = 0.03 
• Diabetes: 3.16 (1.30 - 7.72) with p 二 0.01 
• Heart disease: 4.52 (1.68 - 12.15) with p < 0.01 
• Family history of diabetes: 0.00 (0.00 — 2.9x10') with p = 0.595 
• Family history of stroke: 4.83 (1.52 - 15.33) with p < 0.01 
Among the five explanatory variables in the final model, four of them were 
significant while the non-significant family history of diabetes got a very wide 
95% CI. 
4b. Assess the Model 
The —2 log likelihood with only constant in the model, -2LLq = 296.43 while 
the —2 log likelihood of the logistic regression model, -SLL^ e^ackLR) = 262.03. 
Hence the associated p-value < 0.01 with a degrees of freedom of 5. There was 
shown with a significant difference between the constant model and the fitted 
model. 
The Hosmer & Lemeshow goodness-of-fit test shown with a chi-square of 3.60 
with 4 degrees of freedom, equivalence with a p-value of 0.46. 
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METHOD Liang-bei Villager (N=590) 
B SE Adjusted odds ratio p 
(95% CI)  
Backward LR HT 0.773 0.362 2.17(1.07-4.40) 0.033 
DM 1.152 0.455 3.16 (1.30-7.72) 0.01 
Heart Disease 1.509 0.504 4.52 (1.68-12.15) <0.01 
FH-DM -6.396 12.025 0.00 (0.00 - 2.9E+7) 0.595 
FH - Stroke 1.835 0.621 6.27 (1.86-21.16) <0.01 
Constant -3.160 0.235 <0.01 
Predicted Predicted 
Normal Abnormal Correctly 
Observed Normal 538 2 99.63% 
Abnormal 38 3 7.32% 
93.12% 
Table 5.11 Multivariate logistic regression model and its classification table 
by Backward Likelihood-Ratio method 
The classification table for this model showed above with an overall estimated 
rate of correct classification of 93.12%, while 99.63% for predicting the normal 
group correctly and 7.32% for predicting the intracranial stenosis group correctly. 
Family history of diabetes had such a wide interval of 95% confidence interval 
but it was kept in the final model since the elimination criteria for this backward 
approach is based on the significance of the logarithm of the likelihood-ratio. 
The - 2 log LR for family history of diabetes was 5.920 with 1 degrees of 
freedom and thus of significance level of 0.015, not fulfilled with the removal 
condition and hence remain in the model. 
Although the above final model derived from Backward LR has a higher p-value 
of the Hosmer & Lemeshow Goodness-of-Fit test, and a slightly higher correctly 
predicted percentage normal group than the other three stepwise methods, the 
value of the upper 95% CI bound of family history of diabetes was so large. The 
95% upper bound was 2.9x10^ together with a large estimated coefficient (B) and 
a large estimated standard error (SE) that may appeal with numeric problem. 
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Apart from the addition of the extra non-significant risk factors of family history 
of diabetes, result achieved in here was consistent with the results from the other 
stepwise approach. With only four significant risk factors in the final model and 
arranged them in ascending order as medical history of hypertension, diabetes 
mellitus, heart disease and family history of stroke. 
5.4.5.3 Applying the Model-Building Strategy: 
Only variables those had a significant level of 0.25 or less in the univariate 
analysis were enter into the model as the candidate for multivariate logistic 
regression model. 
No matter the crude OR was calculated from contingency table method (table 5.7) 
or from univariate logistic regression (table 5.8)，consistent results have achieved. 
There was seven such variables found, they were: age, sex, hypertension, diabetes 
mellitus, heart disease, ever smoked and positive family history of stoke entered 
into the model - among the total 590 cases, there was no cases be excluded or 
rejected due to missing or incomplete data. This multiple logistic regression fitted 
model was shown in table 5.12. 
(a) Significant Risk Factors 
There was four significant explanatory variables in the final model: (showed with 
adjusted OR and its 95% confidence interval) 
• Hypertension: 2.24 (1.04 — 4.82) with p = 0.04 
• Diabetes: 2.61 (1.06 - 6.41) withp = 0.04 
• Heart disease: 3.61 (1.35 — 9.63) withp = 0.01 
• Family history of stroke: 4.36 (1.34 — 14.22) with p = 0.01 
(b) Assess the Model 
The -2 log likelihood with only constant in the model, -2LLq 二 297.74 while 
the -2 log likelihood of the logistic regression model, -21X^(8—) = 263.94. Hence 
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the associated p-value < 0.01 with a degrees of freedom of 9. Significant 
difference was shown between the constant model and the fitted model. 
The Hosmer & Lemeshow goodness-of-fit test shown with a chi-square of 10.70 
with 7 degrees of freedom, equivalence with a p-value of 015. 
Liang-bei Villager (N=590) 




4 5 - 5 4 -0.559 0.484 0.57 (0.22-1.48) 0.25 
5 5 - 6 4 -0.549 0.555 0.58 (0.19-1.71) 0.32 
>=65 0.183 0.511 1.20 (0.44-3.27) 0.72 
Sex 
Male -0.710 0.642 0.49 (0.14-1.73) 0.27 
Female 1.00 
Hypertension 0.806 0.391 2.24 (1.04-4.82) ^ 
Diabetes 0.960 0.458 2.61 (1.06-6.41) 0.04 
Heart Disease 1.284 0.500 3.61 (1.35-9.63) 0.01 
Cigarette Smoker 0.295 0.700 1.34 (0.34-5.28) 0.67 
Family History - Stroke 1.473 0.603 4.36 (1.34-14.22) 0.01 
CONSTANT -2.772 0.370 < 0.01 
Predicted Predicted 
Normal Abnormal Correctly 
Observed Normal 549 0 100.00% 
Abnormal 38 3 7.32% 
93.56% 
Table 5.12 Multivariate logistic regression model with independent variables 
selected from the model-building strategy and its classification table 
The classification table for this multiple logistic regression model illustrated an 
estimated overall rate of correct classification of 93.56%, with 100% in 
predicting the normal group correctly and 7.32% in classifying the intracranial 
stenosis group correctly. 
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The above model illustrated that for those suffer with hypertension, they are 2.24 
times more likely than non-hypertensive subjects to find with intracranial large 
artery stenosis while 2.61 times more likely to find with abnormal intracranial 
artery blood velocity among the diabetes subjects than the non-diabetes. For 
subjects with heart disease they were found with adjusted odds ratio of 3.61. 
Among this model, the significant risk factor that had the largest magnitude was 
positive family history of stroke, 4.36 times higher odds than those without 
family history of stroke. The abnormal transcranial Doppler findings reflected the 
situation of the blood velocity in the detected artery was stenosis or occluded that 
are very likely to cause cerebrovascular accident. 
5.4.6 Comparing the final multiple logistic regression models by the three 
approaches: 
Considering the results from the three approaches be used above - (5.4.5.1) 
entering all explanatory variables, (5.4.5.2) stepwise methods of forward 
selection and backward elimination and (5.4.5.3) model building strategy, the 
same four statistically significant risk factors for predicting intracranial large 
artery status. For simplification, see the summary table 5.13. 
The significant risk factors were medical history of hypertension, diabetes 
mellitus, heart disease and those with family history of stroke. Subjects with any 
of the above significant risk factors have shown with a higher likeliness to find 
with abnormal blood flow in cerebral artery when examined by transcranial 
Doppler examination. In other words, those subjects are more likely have arterial 
stenosis or atherosclerosis and hence with a higher risk of cerebrovascular disease. 
The range of the adjusted odds ratio in the significant risk factors, derived from 
the multiple logistic regression models were: 
• HT from 2.17 to 2.53 
• DM from 2.61 to 3.16 
• Heart disease from 3.61 to 4.52 
Page 182 
Asymptomatic Subjects (Yuzhou) 
• FH of Stroke from 4.36 to 6.27 
By comparing the Hosmer & Lemeshow Goodness-of-Fit test statistics, Enter 
model gave the largest p-value and statistically it gave a more effective 
description on the outcome event under comparison of the other models. 
Besides the summary table of the models, graphical displays of the error-plot 
attached after the summary table, figure 5.13 to figure 5.16 illustrated the crude 
odds ratio derived from the method of applying contingency table and the 
adjusted odds ratio with the three above approaches in multiple logistic 
regression — 
Figure 5.13 for unadjusted odds ratio by contingency table method 
Figure 5.14 for adjusted odds ratio by entering all explanatory variables 
Figure 5.15 for adjusted odds ratio by those stepwise methods 
Figure 5.16 for adjusted odds ratio by the model building strategy 
The odds ratio and its 95% CI, together with a line of y 二 1 were plot. For those 
significant risk factors, the odds ratios did not contain one, i.e. there was no 
intersection with the line of y = 1. 
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Adjusted OR (95% CI) 
ENTER Forward Backward LR Model Build  
Stepwise*  
Age 
<45 1.00 ™ — 1.00 
4 5 - 5 4 0.53 (0.20-1.39) — — 0.57 (0.22-1.48) 
5 5 - 6 4 0.53 (0.17-1.64) ™ — 0.58 (0.19-1.71) 
>=65 1.20 (0.41-3.45) ~ ™ 1.20 (0.44-3.27) 
Sex 
Male 0.44 (0.12-1.71) — --- 0.49 (0.14-1.73) 
Female ™ ™ 1-00 
Hypertension 2.53 (1 .12 -5 .72 )2 .19 (1 .08 -4 .41 )2 .17 (1 .07 -4 .40 )2 .24 (1.04-4.82) 
Diabetes 3.08 (1.19-7.97) 2.70 (1.12 - 6.51) 3.16 (1.30 - 7.72) 2.61 (1.06-6.41) 
Heart Disease 4.03 (1.39-11.66) 4.24 (1.59-11.28) 4.52 (1.68 -12.15) 3.61 (1.35-9.63) 
Cigarette Smoker 1.16 (0.25-5.30) — ™ 1.34 (0.34-5.28) 
Alcoholic Drinker 1.40 (0.46-4.23) ™ ™ — 
FH-HT 1.12 (0.36-3.50) ~ ~ ™ 
FH - DM 0.00 (0.00-2.7E+7) — 0.00 (0.00 - 2.9E+7) — 
FH - Stroke 5.29 (1.38-20.32) 4.83 (1.52-15.33) 6.27 (1.86-21.16) 4.36 (1.34-14.22) 
FH - Heart 0.87 (0.15-4.98) — ™ — 
Disease  
"BMI — 
1st tile 1.00 — --- — 
2nd tile 1.14 (0.43-3.00) — — — 
3rd tile 0.88 (0.32-2.43) — — — 
4th tile 0.79 (0.28-2.19) ™ ™  
WHR — 
1st tile 1.00 ™ — — 
2nd tile 1.09 (0.39-3.04) — — ---
Srd tile 1.29 (0.50-3.35) ™ — — 
4th tile 0.71 (0.22-2.23) — — — 
-2LL (constant) 296.43 296.43 296.43 297.74 
-2LL (model) 252.86 267.95 262.03 263.94 
p <0.01 <0.01 <0.01 <0.01 
H & L , p" 0.9810 0.2548 0.4630 0.1524 
Predicted Correctly 
Overall % 93.29 92.94 93.12 93.56 
in "Normal" % 99.81 99.44 99.63 100.00 
in "Abnormal" % 7.32 7.32 7.32 7.32 
Table 5.13 Summary of the final multiple logistic regression models derived 
from the three approaches. 
(•Remarks: the final fitted models using Forward Likelihood Ratio and Backward 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Asymptomatic Subjects (Yuzhou) 
5.4.7 Probability and Odds derived from the logistic regression model 
First, the probability from the multiple logistic regression model with all 
independent variables - the full model by Enter method is going to compute 
(section 5.4.5.1 with the result showed in table 5.9). Due to its largest p-value 
from the Hosmer & Lemeshow Goodness-of Fit test and good overall correctly 
classify rate. 
Notation: expression of “[state out a condition]，，，if under this condition then the 
expression = 1 otherwise the expression = 0. 
Let Z = a+PiXi+...+PpXp and so 
Z = -2.732 
+ (-0.628*[45 < age < 54]) + (-0.637*[55 < age <64])+ 0.179*[age > 65] 
+ (-0.811 * [sex = male]) 
+ 0.930 * [HT = 1] 
+ 1.124* [DM = 1] 
+ 1.393 * [Heart disease =1: 
+ 0.149 * [Ever smoked = 1] 
+ 0.335 * [Ever drank = 1] 
+ 0.110 * [FH-HT = 1] 
+ (-6.302 *[FH-DM=1]) 
+ 1.666 * [FH-Stroke = 1] 
+ (-0.145 * [FH-Heart Disease = 1]) 
+ 0.131*[21.72<BMI<23.59] + (-0.127)*[23.59<BMI<25.72]+ (-0.242)*[25.72<BMI] 
+ 0.083*[0.84<WHR<0.87] + 0.254*[0.87<WHR<0.90] + (-0.349)*[0.90<WHR] 
After computing Z, then by the probability of the event occurrence definition of 
logistic regression Pr ob. of event = and 
l + exp[-(Z)] 
1 p 1 A" Vx obi event) 
therefore the Odds = 
1 - Pr ob{event) 
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For example, to calculate the odds of having an abnormal TCD finding which 
imply of intracranial stenosis for a 60 years old male who was diagnosed with 
hypertension and diabetes. He is also a cigarette smoker and social drinker, with 
traced family medical history of stroke. He has a body weight of 63 kg and height 
of 158 cm (BMI = 25.24 kg/m^), with waist and hip circumference of 94cm and 
100 cm (WHR = 0.94). 
Substitute this information to the above equation and gave -
Z = -0.452 and so 
p = 0.389 and therefore 
Odds = 0.637 
Based on the above model, the estimated probability of this gentleman with 
intracranial stenosis is 0.389 and so the probability of having a normal TCD is 
0.611. Hence this man had an odds of 0.637 for having an abnormal TCD result, 
1.e. discovered with intracranial large artery stenosis. This odds was estimated 
from the logistic regression analysis. 
5.4.8 Relationship between the transcranial Doppler result on Intracranial 
large artery and the number of significant risk indicators that the 
subjects associated with 
According to the above multivariate logistic regression models, four risk factors 
were found statistically significant associated with intracranial large artery status. 
They were hypertension, diabetes mellitus, heart disease and positive family 
history of stroke. People with many risk factors are likely at higher risk of disease, 
as risk factors tend to multiply together. The following table 5.14 showed the 
observed frequency and proportions on the number of these risk indicators that 
the subjects had with respect to the intracranial artery status. In this Yuzhou 
population, there was no one suffered with all four characteristics. Line plot in 
figure 5.17a illustrated the proportions of the number of risk indicators in the 
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normal and abnormal intracranial artery groups while figure 5.17b presented the 
prevalence of intracranial large artery stenosis. 
No. of sig risk Proportions of Presence of abnormal flow velocity Prevalence # 
indicator * subjects (%) Yes Proportion No Proportion 
within yes within no 
Zero 408 69.2% 18 0.44 390 0.71 4.4% 
One 143 24.2% 10 0.24 133 0.24 7.0% 
Two 33 5.6% 10 0.24 23 0.04 30.3% 
Three 6 1.0% 3 0.07 3 0.01 50.0% 
TOTAL 590 41 549 6.9% 
* Significant risk indicators: HT, DM, heart disease and family history of stroke 
# Prevalence in total study population is 6.9% 
Table 5.14 Proportions and prevalence of intracranial stenosis in the Yuzhou 
mid-aged and above villagers according to the number of risk indicator 
Proportion of Normal results and Abnormal results 
associated with number of significant risk factors 
- H I " - Normal • Abnormal 
0.8 — — 1 
0.7 • 
\ 
0.6 \  
\ 
= 0 5 \  
0 u .� \ 
1 04 \ \  
i 0.3 ^ ^  
� 2 二 
� � � � • 
Zero One Two Three Four 
number of sig. risk factors 
Figure 5.17a Line plot for the proportion of normal intracranial artery group & 
abnormal group associated with the number of significant risk 
factors 
Page 191 
Asymptomatic Subjects (Yuzhou) 
Prevalence of Intrascranial Artery Stenosis 
associated with number of significant risk 
indicators 
^ 50 —— 
8 40 ^ ^  
I 30 ： ^ ^  
I 20 
CL 10 y  
^   0 -! r———— 1 — — — ~ - 1 — 
Zero One Two Three 
Number of sig. risk indicators 
Figure 5.17b Line plot on the prevalence of intracranial artery stenosis in the 
number of significant risk factors that screened villagers 
associated with 
The above line plots clearly shown that for those subjects associated with any 
significant risk indicators (medical history of hypertension, diabetes mellitus, 
heart disease or family history of stroke), they are more likely to find with 
intracranial large artery stenosis. The prevalence increased rapidly when subjects 
associated with 2 or above risk indicators. In order to compare the odds among 
the number of risk indicators that subjects associated with, logistic regression 
model is used. 
5.4.8.1 Logistic Regression Model 
Using univariate logistic regression to derive the odds ratio for the association 
between the number of risk indicators that subjects associated with and the 
abnormal TCD findings showed in table 5.15. 
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Model (1) - By considering the number of significant risk indicators that the 
subjects associated with as a continuous variable. 
Model (2) - Defined it as categorical variable with zero risk factor as the 
referent group. 
Model (3) - By taking one risk factor as the reference and considering it as 
categorical type. 
In all three models, there was found with significant association between the 
number of the risk indicators and the intracranial stenosis. 
•=> The result derived from model (1)，a very strong statistical significant was 
found for the number of risk indicators that the subject associated with, there 
was 2.83 times higher odds for intracranial stenosis per one additional risk 
indicator. 
• For treating the number of risk indicator as a categorical data and taking those 
associated with ‘no risk indicator' as the referent group, model (2). The odds 
ratio for those associated with one risk indicator was 1.63 which was non-
significant (p=0.23). But the odds ratio increased dramatically for those 
associated with two or three risk indicators and found with very strong 
significant association (p<0.01 in both) that odds ratio were 9.42 and 21.67 
respectively. 
"=> In the model (3)，by taking ‘one risk factor' as the reference. The odds ratio 
for those with no risk factors was 0.61，a odds reduction of 39% on the 
intracranial large artery stenosis among those subjects with no risk factors 
than those found with one risk indicator, but this did not reached for 
significant. On the other hand, there was 5.78 and 13.30 for the odds ratio for 
those associated with two and three risk indicator and established with very 
strong statistically significant association(p < 0.01 in both). 
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Liang-bei Villager (N=590) 
METHOD    
B SE Odds Ratio (95% CI) p 
1 No. ofsig. risk factor (cts) 1.039 0.196 2.83 (1.93-4.15) <0.01 
Constant -3.220 0.233 <0.01 
-2LL (constant) 297.74 
-2LL (model) 271.57 p < 0.01 df= 1 
2 No. of sig. risk factor (cat) < 0.01 
zero 1.00 
one 0.488 0.407 1.63 (0.73-3.62) 0.23 
two 2.243 0.449 9.42 (3.91 -22.71) <0.01 
three 3.076 0.851 21.67(4.08- 114.94) <0.01 
Constant -3.076 0.241 <0.01 
-2LL (constant) 297.74 
-2LL (model) 268.84 p < 0.01 d f=3  
3 No. of sig. risk factor (cat) < 0.01 
zero -0.488 0.407 0.61 (0.28- 1.36) 0.23 
one 1.00 
two 1.755 0.501 5.78 (2.17- 15.44) <0.01 
three 2.588 0.880 13.30 (2.37-74.61) <0.01 
Constant -2.588 0.328 < 0.01 
-2LL (constant) 297.74 
-2LL (model) 268.84 p < 0.01 d f=3 
Model 1 - considered number of risk factor as continuous while 
Model 2 — considered it as categorical variable and took zero as the referent group & 
Model 2 - considered it as categorical variable and took one as the referent group. 
Table 5.15 Odds ratio derived from the logistic regression analysis for the 
number of significant risk factors that subjects associated with. 
The following figure 5.18, display the increased trend in odds ratio when the 
number of risk indicators increased, it is in non-linear relationship with power 
larger than one. After interpolated with several regression models (such as linear, 
quadratic, cubic, growth and exponential regression models, etc), the cubic 
regression was the best with R^ of 1.00 but there is zero degrees of freedom and 
hence the quadratic model is used for instead (the one with second high R^ of 
0.999). The quadratic regression model was as follows 
y = 0.53- 1.06X+ 1.78x2 
Page 194 
Asymptomatic Subjects (Yuzhou) 
No. of risk indicators Odds Ratio Quadratic Fitted 
Zero 0.61 0.53 
One 1 1.25 
Two 5.78 5.53 
Three 13.30 13.38 
Table 5.16 Odds ratios from the logistic regression and quadratic fitted line 
Scatter plot - Yuzhou Survey 
with interpolate Quadratic fitted line 
14, n 
12 y / 
。1。： y / 
1 8 ： / 
_ . 
0 1 2 3 
No. of risk factor that associated with 
Figure 5.18 Scatter plot of odds ratio on the prevalence of intracranial large 
artery stenosis regards on the number of risk indicator with the 
interpolated quadratic regression line, taking one risk indicator as 
the referent group 
From the result of the logistic regression - the lowest odds ratio was among those 
without any risk indicator (OR < 1, implied of odds reduction) when compared 
with those with one risk indicator (the referent). Then the odds ratio for two and 
three risk indicators has increased rapidly to 5.78 and 13.30. Hence based on this 
result, this property was best described by the quadratic regression, table 5.16 and 
figure 5.18. 
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5.5 Discussion 
** The discussion of this Yuzhou survey has been largely discussed in the Hong 
Kong clinic-based survey in the previous chapter (ch4) since the approach of the 
research design, diagnostic method, statistical analyses method were very similar. 
Please refer to section 4.5. 
5.5.1 Research Design 
The research design of this Yuzhou study was defined as an observational, 
population-based cross-sectional survey, the details already described in (section 
5.3.1). This survey was conducted in an interview with the subjects for collecting 
their past medical and family medical history and then proceeded with the 
transcranial Doppler screening. The target population was those aged 40 years 
old and above village resident. 
5.5.1.1 Advantage 
As explained in the Hong Kong study (section 4.5.1.1)，this research design can 
be done in a relatively quick and inexpensive way [191]. It took us only one week 
in Yuzhou and seven researchers from the two institutions to obtain the data and 
to get the TCD examination done. This survey was conducted in a population-
based and hence no selection biases. From this survey, it enables us to study the 
prevalence of asymptomatic intracranial large artery stenosis happened in the 
rural area of China and then to investigate the characteristics that are associated 
with the diseased intracranial artery among the population of aged 40 or above in 
rural China area. ** (Section 4.5.1.1) 
5.5.1.2 Disadvantage 
The number of subjects was too small that may not be able to extrapolate to the 
general population. Unfortunately there is certain disadvantages in cross-sectional 
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study, such as it only provide a snapshot on the health situation. In addition, this 
design limited the association is valid only if the determinants of disease do not 
change much over time. ** (Section 4.5.1.2) 
5.5.2 Sampling 
In this Yuzhou survey, 91.9% of our target population - those aged 40 or above 
(590/642) had been examined, a good coverage proportion. The rest that did not 
participate were either too busy that could not come or those were away village at 
that moment. Since there was home visit provided for those with poor health 
condition and that help to rise the participant rate. During the visit, those villagers 
were found keen to know about their health condition although their medical 
knowledge was not very high, and they were so willing to co-operate with our 
researchers. Therefore the common problem occurs in survey regarding how 
representative that chosen sampling subjects is not really a problem in here. But 
there is some unknown potential selection bias in any study. ** (Section 4.5.1) 
5.5.3 Data collected and the Outcome variable classified 
A standardized screening form was used in this survey for collecting the data on 
subject characteristics and the result & interpretation on transcranial Doppler 
assessment for the intracranial artery, it is illustrated in Appendix lib and the 
procedure was described clearly in section 5.2. 
5.5.3.1 Self-Reported - Subjects Characteristics 
All the information and subjects characteristics including medical history on HT, 
DM & heart disease; social cigarette smoking & alcohol drinking habit; and also 
positive family history on HT, DM, heart disease & CVA; they were all based on 
self-reported information, which are so subjective that may either over- or under-
estimated the true situation. Unfortunately there was no systematic way to obtain 
those information since no resource is available - there is no medical record to 
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trace with, information bias may easily introduced. The reliability of the data was 
completely depends on subjects knowledge and conscious on their health status, 
and these also may limit the data accuracy under the situation that there is lack of 
medical record / report for validating those information. Due to the limited 
resources, there is certain assumption that those villagers have a clear mind when 
they answered the questionnaire after the researchers' explanation on the health 
query. 
Among those pessimistic individuals, they may always think that they are so 
weak that suffer with lots of disease but in fact they are not. Their self-reported 
information may actually over-estimate the prevalence of diseased. While for the 
opposite, sometimes people are too optimistic that don't paid enough attention on 
the health alert sign and obvious that may make the data is under-estimated. 
There is also certain pitfall on regarding on the family medical history — since no 
specific which relative has the disease, who maybe direct relative as parents, 
brother or long-distance relative as cousins. No other information such as gene 
test, family tree diagram, etc is available. Within this limited resource, no clear & 
solid conclusion can be made on the risk factors of family medical background. 
5.5.3.2 Transcranial Doppler - Intracranial Large Artery status 
The transcranial Doppler examination is a safe, non-invasive, reliable and 
accessible technique for investigating the blood flow velocity in the intracranial 
large artery. It is used as the screening tools in this survey as it is inexpensive and 
portable that allows us to bring the equipment was to the village. The TCD result 
was reported by the neurologist for the clinical interpretation based on the 
velocity in the blood flow and the pattern detected by ultrasound. Considering the 
velocity and direction of intracranial artery as collateral flow may occurs in the 
anterior communicating artery, posterior communicating artery or the ophthalmic 
artery thus all the temporal, orbital and suboccipital windows are assessed. 
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Then the finding was classified as either normal or abnormal, all the stenosis, 
occluded, atypical turbulent flow or any other anomalous flow was then binary 
defined as abnormal. Moreover it was defined as the outcome variable 
(dependent variable) of the statistical model rather than using the actual numeric 
velocity reading detected so as to reduce the complexity of classification. For this 
Yuzhou survey, since all the intracranial large artery are assessed, the TCD 
operators must be familiar with the anatomy and physiology of the intracranial 
vasculature and the pathophysiology of stroke and other neurovascular diseases 
71]. All the TCD technicians in this Yuzhou survey are very experienced in 
TCD with several years of practical experiences and the quality of the TCD can 
be considered in a high standard. ** (Section 4.5.3.2) 
5.5.4 Statistical Methods 
5.5.4.1 Odds Ratio 
In this Yuzhou study, only 6.9% outcome occurrence and thus no correction on 
OR needed as proposed by [202]. ** (Section 4.5.4.1) 
5.5.4.2 Logistic Regression 
The same statistical analyses approach used in here as in the previous study 
(Study conducted in Hong Kong). ** See discussions in section 4.5.4.2 for 
^ Variables selection, 
• Hosmer & Lemeshow goodness-of-fit test, and 
• Link function of the model. 
5.5.4.3 Sources of Error 
Dichotomization -
The continuous measurements on blood pressure and the ordinal of urine glucose 
are only used to identify hypertensives and subjects with diabetes mellitus. While 
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the continuous reading of the intracranial artery blood flow velocity is diagnosed 
by neurologist and classifies as normal or abnormal status. ** (See section 4.4.4.3) 
Regression dilution bias -
As mentioned above that the blood pressure and urine glucose is used only for 
classification and no correlation analysis is performed and thus this only has a 
minimal effect. ** (See section 4.4.4.3) 
Random error -
Uncontrolled chance variation while this random bias is acceptable and using 
confidence interval to estimate the true effect. ** (See section 4.4.4.3) 
Bias -
Selection bias, age above 40 years old is the only criteria for this survey. As 
home visit is provided for those with severely disabled, there is no intention bias 
and volunteer bias on screening only healthier elderly, see in above (5.5.2). 
Information bias, as mentioned above that the subjects characteristics are 
gathered by self-reported information and no further audit is possible (excepted 
by repeated BP measurements and urine test) while the outcome variable of 
intracranial artery status is diagnosed by neurologist, see above (5.5.3). ** (See 
section 4.4.4.3) 
Confounding -
Confounding effect is adjusted by multivariate analysis. **(See section 4.4.4.3) 
5.5.5 Result 
5.5.5.1 Prevalence 
Prevalence of intracranial artery abnormal blood flow velocity was found of 6.9% 
among the population-based mid-aged and above subjects in the rural Mainland 
China. Independently associated with hypertension, diabetes, heart disease and 
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positive family history of stroke. The prevalence was increased rapidly in 
subjects with two and three risk characteristics associated, ranged from 4.4%, 
7.0% for those with none and one risk characteristics and then dramatically 
increased to 30.3% and 50% for those with two and three risk factors. These 
observations may be used to propose of detecting intracranial artery stenosis 
among the villagers in rural China. 
Autopsy study of 200 stroke cases showed 38% intracranial artery lesions [136:. 
While the vascular lesion in intracranial artery was found of 79% among 96 TIA 
Chinese patients [122]. Scant information on intracranial lesions among 
asymptomatic Chinese in Mainland China, thus no comparison on prevalence in 
the similar locality could be made with this study. 
5.5.5.2 Risk Indicators 
From this survey, four significant risk indicators was found associated with 
abnormal cerebral blood flow velocity among the mid-aged and elderly residents 
of a rural village in China - hypertension, diabetes, heart disease and family 
history of stroke. 
The first three factors have been discussed in details in the previous chapter 4. In 
here, hypertension, diabetes, heart disease heart are all showed with significant 
increased the likeliness of intracranial large artery stenosis and this consistent 
with others' studies that they are significant risk factors for stroke. ** (See 
section 4.5.5.2). 
Family history of stroke 一 
Positive family history is an established factor for stroke [71] but not well 
document [75]. The association found in family history may provide us 
information that they have a very similar dietary habit and environment. More 
important is the inheritance, consider as heredo-familial and genetic 
predisposition to stroke. Family history of stroke was found significantly and 
independently associated with the large artery disease in men comparing with 
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small artery disease, but not in female [231]. The differential effects between 
gender are unclear and may due to the female sex hormones [74]. Apart from 
parental history [99], the siblings of the stroke patients are also in a higher risk. 
Articles showed that in the study of twin, the reported rate of stroke and death 
rate of ischemic heart disease was 5-fold and twice higher in monozygotic twins 
than in dizygotic twins [74,99]. Further investigation on genetic is need, to 
explore whether this is purely due to the intra-uterine environment or early family 
life, or be influenced by lifestyle and changed environment. 
The mechanisms of the strong significant effect in family history of stroke found 
in this study were not sure since there is no supplementary information on 
whether the stroke family member is living in the same rural area (environment), 
the dietary habit, furthermore no genetics analysis. Hence all the potential effect 
should be considered. 
A community-based intervention trial conducted in 7 Chinese cities showed that 
the prevalence of hypertension, diabetes, heart disease were about 37%, 1%, 11% 
with 33% current smoker and 23% current drinker [107]. The high hypertension 
rate may due to the high salt intake in traditional Chinese preserved food, while 
hyperlipidemia may result in high amount of saturate fat. Therefore diet of low-
salt intake, reduced amount of saturated fat in addition with fresh fruit, green 
vegetables are good for health. While the alcohol consumption should only be 
kept in mild to moderate level for the protective effect, heavy drinker or alcohol-
addicted is definitely no good to our health. Since hypertension and smoking are 
the two most modifiable risk factors, effective control on blood pressure by drug 
or by diet modification, together with smoking cessation are the important 
interventions in China. 
This Yuzhou survey is in population-based in rural environment with age 
criterion of 40 years old or above and only a small number of cases screened may 
limit the generalization. Moreover the data assurance on the subject 
characteristics is low, and no blood is drew for laboratory test thus some of the 
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potential risk factors may be hidden. In addition only TCD is used for assessing 
the intracranial artery status, no other comparable neuroimaging techniques 
applied and thus no precise diagnosis can be made. Furthermore no other study 
subject to asymptomatic subjects for comparison, future study based on a large 






6.1 The Clinic-based study of diseased middle cerebral artery 
among asymptomatic Hong Kong Chinese 
Hong Kong is a cosmopolitan city, combined with Chinese and Westernized 
lifestyle. Large proportion of death and morbidity are caused by stroke in this city, 
nearly two third is cerebral infarction. Middle cerebral artery (MCA) is the most 
common artery together with internal carotid artery (ICA) to found with 
atherosclerosis among the Hong Kong population. Study on asymptomatic 
subjects is lacking and thus this study on the MCA status in those asymptomatic 
high-risk patients with vascular risk factor is important in estimating the burden 
of MCA disease in Chinese. 
This study consists of patients from the medical out-patients clinic in two major 
hospitals, 3074 valid subjects selected. No major difference found between male 
and female - apart from nearly 50% more male smokers than female smokers. 
They were found with less than a year difference in age, less than 0.5 unit in BMI 
and 0.05 in WHR, and less than 5-10% difference in the medical history. 
Among the valid subjects, 17 did not have TCD result and 385 (12.6%) were 
found with abnormal MCA status, including defined increased flow, turbulence 
flow, and stenosis or occluded. Descriptive analysis showed significant elder age, 
more hypertensives, hyperlipidemia, ischemic heart disease, retinopathy, 
albuminuria and a lower body mass index were observed among those with 
abnormal MCA blood flow velocity. Moreover significant higher systolic blood 
pressure, elevated total cholesterol, low-density lipoprotein cholesterol were 
found in those with abnormal MCA status. Through the multiple logistic 
regression model (the backward stepwise approach) illustrated that those aged 65 
and above, hypertensives, diabetics, those had hyperlipidemia, ischemic heart 
disease were all more likely to find with abnormal MCA blood flow velocity with 
adjusted OR of 1.90, 2.20, 1.55，1.72 and 1.78 respectively. While those with 
larger BMI tends to have lower likeliness of adjusted OR 0.69 and 0.65 in the 
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third and four quartiles. Based on the final logistic regression model, probability 
and odds of individuals with specific characteristics can then be deduced. Among 
the above five significant risk indicators, it was discovered that the more risk 
indicators the subject associated with, the higher likeliness for an abnormal MCA 
status. This relationship is best fitted by a cubic equation due to s-shaped 
property. 
Unfortunately there is limited generalization in this study as my sampling is only 
on high-risk group who attending the out-patient medical clinics. Moreover there 
was no comparable distal subtraction angiogram used to assurance the accuracy 
of the transcranial Doppler findings. For further study of follow-up in those 
patients with outcome event of cerebrovascular disease, and together with other 
neuroimaging techniques for supporting the finding and diagnosis may help to 
investigate this issue in further details. Nevertheless effective therapeutics 
treatment, self-alerted on changed lifestyle related to tobacco, alcoholic, exercise, 
and diet modification for controlling chronic diseases are important contributed 
for the public health. 
6.2 The Population-base study of intracranial large artery stenosis 
among mid-aged & above Chinese in rural China 
Cerebrovascular disease is a major leading cause of mortality and morbidity in 
China. The proportion of intracranial occlusive disease in Chinese is found much 
higher than whites. This study performed in the rural China among those mid-
aged and above subjects regarding on the intracranial artery status among those 
asymptomatic subjects assessed by transcranial Doppler ultrasonography. 
This population-based survey is conducted in a rural village in Yuzhou (Henan 
province) with the only criterion of aged 40 years old or above, 590 subjects were 
screened. There was no major difference between the gender, except that more 
than 70% smokers and 67% alcoholics in male while less than 1% and about 5% 
in female together that male was found with 0.03 larger in WHR. While they 
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were found with less than 2 years difference in age, 0.4 unit in BMI, and less than 
6% difference in the medical history. 
There was found with 41 (6.9%) intracranial large artery stenosis, mostly 
happened in the middle cerebral artery and anterior cerebral artery. Significant 
association was found in hypertension, diabetes mellitus, heart disease and 
positive family history of stroke from the descriptive analysis. Moreover both the 
systolic and diastolic blood pressure measurements were showed with significant. 
Even after adjustments, hypertension, diabetes, heart disease and positive family 
history of stroke were also found with significant that prone to intracranial large 
artery stenosis from the multivariate logistic regression model (enter approach), 
the corresponding adjusted OR were 2.53, 3.08, 4.03 and 5.29. Once the final 
logistic regression model is derived, the specific probability and odds of 
intracranial stenosis for individuals with specific medical background can then be 
reduced. Furthermore among the four significant risk indicators, noticed that the 
more risk indicators that subject associated with, the higher likeliness for the 
intracranial stenosis. This relationship is not just simple linear proportional but is 
increased in quadratic way. 
Although this study is conducted in population-based, there is still some 
limitation for generalization such as the small number of cases screened. 
Moreover there is no data assurance on the self-reported medical background and 
no other comparable laboratory and radiologic investigations for the transcranial 
Doppler findings. Further study on larger sample size, with data assurance 
assessment and other neuroimaging elevations on intracranial stenosis may assess 
the prevalence and associated risk indicator in more details. 
In summary, together these two studies provide important data of the burden of 
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Al. Transcranial Doppler 
APPENDIX I 一 Neuroimaging 
Transcranial Doppler Ultrasonography 
It is a non-invasive technique for assessment on the intracranial cerebral 
circulation, introduced in 1982 by Aaslid et al. Thereafter the TCD methodology 
is developed at the Department of Neurosurgery in Bern (Aaslid, 1992; Fujioka & 
Douville, 1992). 
As TCD is used along for my research in both the study conducted in Hong Kong 
and the survey conducted in Yuzhou, a brief introduction of this technique is 
stated below. 
A. 1.1 Principle of Transcranial Doppler 
The Doppler principle is a wave theory in physics on the relationship between 
velocity of objects and the transmitted or received wave frequencies, which can 
be used to measure the velocity of moving objects when combined with radar 
principle (Aaslid, 1992). 
ThR Doppler Principle -
Theoretically a sound wave is sent out from the transmitter and received by a 
moving blood cell, and then finally received back to the stationary transducer. 
The mathematical relation of the Doppler shift received at the transducer with 
frequency f is the frequency difference between the received reflected signal 力 
2 * /o * 厂 
and the transmitted f r e q u e n c y : / = A — /o = 
c 
where Vis the velocity of the cell movement and c is the propagation velocity of 
the ultrasound. For the formula above, the blood cell is moving head-on against 
the sound. In the medical application, there is an angel of insonation 6 exists 
between the line of insonation and the cell, so the above Doppler effect can be 
c f 
corrected as : V * — 
IcosO /O 
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therefore the incidence angle should be made as close to zero degree as possible; 
in practice, align the ultrasound beam parallel with the blood vessels for the 
lowest insonation angle as possible (Fujioka & Douville，1992). 
The spatial region that the Doppler shift is detected is called the sample volume 
under the ultrasound terminology. 
A. 1.2 Examination and Anatomy 
As the TCD examination is relied on the detection and analysis of an audible 
signal, the environment should be allowed for the detection of potentially high-
frequency and low-amplitude audible Doppler signals. Hence the examination 
should be performed in a tranquil environment so that the technician can hear the 
audio signals from the insonated vessel. In addition, dimmer control can help to 
adjust the contrast of the imaging on the display unit (Saver & Fddmann, 1993; 
Fujioka & Douville, 1992). 
Based on the above Doppler principle, TCD can be used to obtain the blood flow 
velocity in the major basal cerebral arteries by a 2 MHz transducer through the 
cranial acoustical windows - (1) transtemporal window, (2) transorbital window 
and (3) transforaminal window (Fujioka & Douville, 1992). See figure A.1.1. 
TO%..�夕一 、：：’ 
一 Figure A.1.1 The three natural 
、,： acoustical windows. 
I TO-transorbital windows 
丁丁 f k ？ h i TT - transtemporal windows 
TF — transforaminal windows 
Adapted from: Transcranial Doppler 
l l i j j - �V Sonography. Neuroimaging. 
fi變麥�、：I I f % W.W. Orrison, ch 12.[Lupetin, 
� p^ : ' t F I 1998] (With permissions) 
-:… , . I 
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The TCD examination can be used in many different clinical setting, from 
ambulatory subjects in the outpatient clinic to comatose patients in the intensive 
care unit. In general, the patients should be in recumbent position when 
examining through the temporal and orbital windows; and in a seated position 
with head tilted forward when examining the posterior circulation through the 
suboccipital window. The supine position is the best for TCD examined since this 
allows stabilizing the patients' heart rate and blood pressure that those may 
influence the TCD parameter readings (Saver & Fddmann, 1993; Fujioka & 
Douville, 1992). See the following sections with figures A. 1.2 to A. 1.4 for 
illustrations. 
(1) Temporal Window 
. 錢 
！ 驾 和 」 i \ � � . 
M I ^ \ \ rf0： �� 、 
�-�—――一 VA 
Figure A. 1.2 Temporal Windows. (Left) Insonated vessels: middle, anterior 
and posterior cerebral arteries. (Right) Position of the patient and the hand-
held transducer. 
Adapted from: Transcranial Doppler Ultrasonography. V.L. Babikian; and LR. Wechsler: 
ch2. (Saver & Feldmann, 1993) (With permissions) 
The ultrasound gel is applied on the skin above the zygomatic arch and anterior 
to the ear, the temporal window at this region should allow for the passage of the 
ultrasound, except in those with inadequate ultrasound window, i.e. with very 
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thick skull or those with a very small window. This transtemporal approach 
permits insonation of the ipsilateral MCA, ACA and PCA, in which they are 
sampled through the thin temporal bone. 
(2) Orbital Window 
ICA 
。 心 ; F \ 、 ( ？ . ， - M 辩 
〒 ( ^ / f 
Figure A. 1.3 Orbital Windows. (Left) Insonated vessels: ophthalmic artery 
and carotid siphon. (Right) Position of the patient and the hand-held 
transducer. 
Adapted from: Transcranial Doppler Ultrasonography. V.L. Babikian; and L.R. Wechsler: 
ch2. (Saver & Feldmann, 1993) (With permissions) 
The conducting gel is applied to the surface of the eyelid, with a lower energy 
relative to the transtemporal approach and only minimal pressure on the eye 
during the examination. The transorbital approach gives insonation of the 
ipsilateral OA and the ICA-siphon, in which the OA is sampled within the orbit 
and the ICA-siphon is insonated through the orbital fissure. 
(3) Suboccipital Window 
The patient positioning for transforaminal approach is slightly different with the 
above approaches due to the window is at the back of the skull. The patient can 
be in a sit position or in a lateral decubitus with chin tilted down toward the chest 
in order to widens the space between the atlas and the skull base. The conducting 
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gel is applied two fmgerbreadths below the hairline at the nape of the neck with 
the transducer is angled superiorly. This approach allows insonation of the 
intracranial VAs and BA. 
Figure A. 1.4 Suboccipital Windows. (Left) Insonated vessels: vertebral 
and basilar arteries (Right) Position of the patient and the hand-held 
transducer. 
Adapted from: Transcranial Doppler Ultrasonography. V.L. Babikian; and L.R. Wechsler: 
ch2. (Saver & Feldmann, 1993) (With permissions) 
X/essel identification & Normal blood flow velocities 
Criteria of the artery identification are based on the transducer position, depth of 
sample volume, flow direction, flow velocity and the response to carotid 
compression, etc (Lupetin et al, 1998; Meairs et al, 1998; Saver & Feldmann, 
1993; Fujioka & Douville, 1992). While in order to determine the normal value 
of flow velocity, physiological variables must be taken into account since they 
are know to influence the intracranial arteries blood flow velocity when examined 
by TCD. These physiological variables included age, hematocrit, gender, cardiac 
output and metabolic factors of pO? and pCO? etc (Adams et al, 1992). Details of 
the normal values can be found in many transcranial Doppler texts (DeWitt et al, 
1993; Adams et al, 1992; Meairs et al, 1998); see figure A.1.5 for the normal 
TCD in intracranial cerebral artery examined through the temporal and occipital 
windows. 
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A.1.3 Hemodynamics 
In order to understand the clinical approach to the hemodynamics when assessed 
by TCD, several principles are needed to introduced (Jones, 1996): 
Poiseuille's Law -
R = 81r| / nr ' 
where (R) resistance to the flow, (1) vessel length, (rj) viscosity and (r) vessel radius. 
This law reflects the impact of changes in viscosity, vessel length and vessel 
radius on the resistance factor in the arterial circulation. There are three 
assumptions for this law: laminar flow is present, cardiac output is stable, arterial 
pressure is constant. 
Continuity Principle -
Q=V1*A1 =V2*A2 
where (Q) flow volume, (V) velocity and (A) area.. 
This principle shows the relationship between the vessel diameter and the flow 
velocity and also illustrates the significantly difference between the observed 
velocity in the normal segment and the velocity at the stenosis site. Hence the 
velocity will increase or decrease, according to the dimensions of the vessel in an 
effort to maintain a constant flow rate. 
Bernoulli's Principle -
This principle explains the phenomenon of flow acceleration and reduced 
pressure at the site of stenosis. Under a normal situation with constant cardiac 
output, the arterial flow conditions are predictable and there is a constant total 
fluid energy (a combination of kinetic and pressure energy). In the presence of 
stenosis, the steady flow pattern is disrupted and flow accelerates at the site of the 
stenosis. Hence a drop in the pressure energy (potential energy) in order to 
convert to kinetic energy for maintaining the flow volume. During this 
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conversion, a portion of the energy is dissipated as heat, resulting in a pressure 
drop at the stenosis. 
Reynolds number -
Re = vq^r / r| 
where (RJ Reynolds number, (v) velocity, (q) density of fluid, (r) radius of tube and (”） 
viscosity. 
This defined number is used to predict the turbulence. In the presence of stenosis, 
turbulence increased due to the high-velocity flow at the stenosis site and 
encounters a dilated vessel segment immediately next to the stenosis site. The 
occurrence of turbulence not only associated with stenosis, but also occurs at very 
abrupt changes in vessel diameter or geometry. Moreover, a bruit may find 
occurred - the concentrated energy created along the baseline due to uneven 
envelope contour, loss of the unifomi distribution of velocities, forward and 
reversed flow components, and a shift in the amplitude toward the lower 
velocities in the spectral waveform of turbulent flow. 
TCD Parameters -
The TCD parameters included mean flow velocity, systolic and diastolic 
velocities, and pulsatility. Sensitivity and specificity of TCD depend on the 
chosen parameters and the criteria of abnormality, typically based on a normal 
range with two to three standard deviations away from the mean standard are 
regard as abnormal (Wechsler, 1993). 































































































Al. Transcranial Doppler 
Reference: 
Aaslid, Rune (1992). Developments and Principles of Transcranial Doppler. Transcranial 
Doppler. D.W. Newell ； and R. Aaslid. New York, Raven Press: chl. 
Adams, Robert J.; Nichols, Fenwick T.; and Hess, David C. (1992). Normal Values and 
Physiological Variables. Transcranial Doppler. D.W. Newell ； and R. Aaslid. 
New York, Raven Press: ch4. 
DeWitt, L. Dana; Rosengart, Axel; and Teal, Philip A. (1993). Transcranial Doppler 
Ultrasonography: Normal Values. Transcranial Doppler Ultrasonography. V l . 
Babikian ； and W.L. R., St. Louis : Mosby-Year Book: ch3. 
Fujioka, Keith A.; and Douville, Colleen M. (1992). Anatomy and Freehand 
Examination Techniques. Transcranial Doppler. D.W. Newell ； and R. Aaslid. 
New York, Raven Press: ch2. 
Jones, Anne M. (1996). A Clinical Approach to Hemodynamics. Neurosonology. C.H. 
Tegeler; V.L. Babikian ； and C.R. Gomez, St. Louis : Mosby-Year Book, Inc.: 
ch6. 
Lupetin, Anthony R.; Beckman, Irwin; Asturi, Rosanne; Davis, Donalee A.; and Dash, 
Nilima (1998). Transcranial Doppler Sonography. Neuroimaging. W.W. Orrison, 
W.B. Saunders Company, vol 1: ch 12. 
Meairs, Stephen; Steinke, Wolfgang; Mohr, J.P.; and Hennerici, Michael (1998). 
Ultrasound Imaging and Doppler Sonography. Stroke: Pathophysiology. 
Diagnosis, and Management. HJ.M. Bamett; J.P. Mohr; B.M. Stein ； and F.M. 
Yatsu. New York, Churchill Livingstone. 3rd ed.: ch 14. 
Saver, Jeffrey L.; and Feldmann, Edward (1993). Basic Transcranial Doppler 
Examination: Technique and Anatomy. Transcranial Doppler Ultrasonography. 
V.L. Babikian ； and L.R. Wechsler, St. Louis : Mosby-Year Book: ch2. 
Wechsler, Lawrence R. (1993). Role of Transcranial Doppler Ultrasonography in 
Clinical Practice. Transcranial Doppler Ultrasonography. V.L. Babikian ； and 
W.L. R.，St. Louis : Mosby-Year Book: ch21. 
Al - Page2 
A2. Statistical Methods 
APPENDIX II - Statistical Methods 
All the statistical analyses were performed with the SPSS 9.0 package (Statistical 
Package for Social Sciences) (SPSS Base, 1999; SPSS, 1999) with the aid of 
GraphPad InStat 3.00 and GraphPad StatMate 1.01. The InStat was used for 
calculating the crude odds ratios of the polytomous independent variables with 
using the direct method of constructing contingency table while StatMate was 
applied for evaluating the p-value with specific statistics. Adapting the scientific 
convention, statistical significance level was taken at 2-sided with p-value of 0.05 
in this thesis. 
The analyses strategies were - first forming the descriptive summary, then 
according to the data property, to choose for suitable comparison tests. Secondly 
using univariate analysis to manipulate the crude odds ratio and finally 
performing multivariate analysis to determine the adjusted odds ratio. Since 
logistic regression modeling is used and the posterior probability can be deduced 
from the final model which can also be converted to odds. 
A.2.1 Descriptive Summary 
All the data were simply classified as either quantitative or qualitative responses. 
A.2.1.1 Quantitative Response (Pocock，1991) 
Quantitative response - those using the actual numerical value as the 
measurement. 
• Testing for the normality of the data: 
SPSS 9.0 provides with the formal statistical test - Kolmogorov-Smimov test, for 
testing whether the distribution of the data differs significantly from a Gaussian 
distribution. The one-sample Kolmogorov-Smimov test and the Kolmogorov-
Smimov with Lilliefors correction test were used, in which the latter one was a 
modification that with unknown mean and variance and the sample estimates 
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were used. In addition, the Shapiro-Wilk statistic was computed automatically for 
samples with 50 or fewer observations for testing the normality. They are all non-
parametric methods for testing the hypothesis that the data sample is coming 
from a normal distribution. 
Meanwhile for the graphical displays, the normal probability and detrended 
normal probability plots are also provided. The P-P plots (the variable cumulative 
proportions against the expected cumulative proportion expected from normal 
distribution) or Q-Q plots (the quartiles of variable against the quartiles expected 
from normal distribution) were used. 
(a) Two-sample t-test (Motulsky, 1995b; Altman, 1999) 
For the normally distributed variable, it was described in mean and standard 
deviation. Using the two-sample t-test for comparison of the means of two 
independent groups, group 1 and group 2, with means denoted as �”�之 
respectively. The t-statistic was then obtained from below with the appropriate 
degrees of freedom, v, where n^  and n] represented the sample sizes of group 1 
and group 2 -
X 一 X 
t = j L = ~ w i t h V = rii +112 - 1 
S^ ^C-^ J 
and the 95% confidence interval for the difference between means was given by -
— X2)土广0.975，K*Se(^ l 一 
In which the corresponding p-value was obtained from the statistical table of t-
distribution with above stated degrees of freedom. 
For calculating the standard error of the differences (the denominator of the t-
statistic) - Levene's test was used for testing the spread of the groups differs, i.e. 
for testing the equality of variances under the null hypothesis of the two 
population variances are equal. The F-statistic in Levene's test was obtained from 
an one-way analysis of variance on the absolute deviations of each case from its 
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group mean. The result of the significance of Levene's test actually decided 
whether the pooled-variance t test or the separate-variance t test should be used. 
1) If the null hypothesis was not significantly rejected then pooled variance 
was used with S =—————————and so the standard error of 
+ - 2 
the differences became se(x^ -文之)=S^ — + ——then substituted this 
V � “ 1 J 
into the above formula for evaluating t. 
2) Otherwise, for rejecting the null hypothesis - the separate variance t test 
— — ^ 
was used with seix^ -义2) = "J丄 + 丄 and then substituted this into the 
V "1 
previous formula for t-statistic. 
(b) Mann-Whitney U test (Motulsky, 1995b; Altman, 1999; Hollander & 
Wolfe, 1999) 
In the situation that the data was non-Gaussian distributed, it should be described 
in median and interquartile. Using a non-parametric comparison method, Mann-
Whitney U-test — with the null hypothesis that the two independent samples come 
from the same population. First pooled all the observations together and then rank 
them from the smallest to the largest, i.e. in ascending order. Thus the U statistic 
can be calculated as follow -
where was the sum of ranks in the smaller group, considered it as group 1. 
While 111, represented the sample sizes of the two groups. The associated p-
value can be derived from the specific statistical table for the Mann-Whitney test. 
In addition, U-statistic itself has an useful interpretation as the number of all 
possible pairs of observations comparing one from each group that Xj < y�and so 
U/riin! is the proportion of all such pairs. 
A2 - Page 12 
A2. Statistical Methods 
1 if X , � 7, 
U = t ^ t A X i , Y j ) where i if X, = Y. 
1=1 j=\ 丄 
0 otherwise 
This statistic is also the estimated probability that a new observation from the 
first population will be less than a new observation sampled from the second 
population. For larger samples of more than 10 observations in each group, the 
statistic Ti has an approximately normal distribution and thus the standardized 
normal distribution (Z-distribution) can be used and that is an equivalent large 
sample approximation for the Mann-Whitney U-statistic. 
A.2.1.2 Qualitative response (Pocock, 1991) 
Qualitative response - those according to the evaluation criteria to classify the 
response into category. 
(a) Chi-squared test (Motulsky, 1995b; Altman, 1999) 
The variable characteristic was described in frequency and converted to the valid 
percentage for the event occurrence using chi-squared test for the comparison of 
the two proportions with the degrees of freedom v, using the below equation. 
= t with V = (r - l)*(c -1) 
j=\ ^ij 
where i represent for the row number and j for the column number, with O and E 
symbolized for the observed and the expected frequency. In which the expected 
count is the multiplication of expected probability times the grand total. 
In this y^ significant test, considered the null hypothesis as that the prevalence of 
event is identical in the groups. The larger the y^ statistic, the smaller the 
associated p-value and hence the stronger evidence for rejecting the null 
hypothesis. The interpretation of p-value is that if the null hypothesis was true 
then there is a (100*p-value)% chance of randomly selecting subjects with as 
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much variation as or more variation as observed. For a p-value less than 0.05, it 
can say that the difference is statistically significantly at the 5% level. 
(b) Fisher's Exact test (Motulsky, 1995b; Altman, 1999) 
For the circumstances that expected count is less than one in any category or 
more than 20% of the categories have expected count less than five, Fisher's 
Exact test was used instead since those situation has voided the chi-square 
assumption. Fisher's Exact test always give theoretically correct p-value but is 
tedious to work out without computer - constructing all possible contingency 
table by keeping all the marginal total the same, then add up the probabilities of 
all tables that have probabilities less than or equal to that corresponding to the 
observed data. 
A.2.2 Measures for Association 
Odds ratio (OR, or denoted by mathematical symbol i|/) is a valid measure of 
association between the determinant and outcome regardless which type of 
research design (McNeil, 1996). It is defined in terms of odds rather than 
probabilities as in relative risk but it can be converted to probability eventually as 
follow -
Odds = P the probability of a positive outcome (p) divided by the 
^-P 
probability that a positive outcome will not happen (1-p). 
Logistic regression model (Hosmer & Lemeshow，1989) — is the main statistical 
method that I am going to concentrate with in this thesis. It is used for describing 
the relationship between the outcome (response variable or called dependent 
variable) and the explanatory variable or variables (also called as independent 
variable (s)). 
The specific form of the logistic regression model for p explanatory variables of 
X is defined as -
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；^⑴ 一 + A ^ i + … + Pp^p ) 一 1 
l + exp(a + y V i + …+ A；、） l + e x p [ - ( a + A a + … + 
with a and all Pj are constants, where 7r(x) is the conditional probability that the 
outcome is present P(Y=11 x). 
For simplification, let = a + y^ X^i + …+ /？广�厂 and so above can be shown as: 
；T � =e x p [ g ( x ) ] 
1 + exp[g(x)] 
while g(x) is actually the link function of the logistic regression model. 
Hence the log-odds (i.e. logit) transformation become -
V l + exp[g(x)]^ 
A.2.2.1 The Univariate Analysis 
The crude odds ratio can be derived either from (a) the contingency table or (b) 
the univariate logistic regression, with p-value and its 95% confidence interval. 
The odds ratio is a measure of association which approximates how likely that for 
the outcome to be present (y = 1) among those with explanatory variable x = 1 
than among those with x 二 0. 
(a) From contingency table 
The definition of contingency table - is a table that contains the number of 
subjects in each categories and those must be in integers; while rows and columns 
both represent mutually exclusive categories (Motulsky，1995a). 
Consider the three possible situations that based on the type of the exposure 
variable — (1) dichotomous categorical variables, (2) polytomous categorical 
variables and (3) continuous explanatory variables. 
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1) for a 2x2 contingency table 
For binary categorical explanatory variables, cross-tabulated the exposure 
and the outcome as a 2x2 contingency table as follow and hence the odds 
ratio will be the division of the product of ad and be, 
i.e. odds ratio = ad/bc. 
Exposure 
1 0 
1 a b ^ 
Outcome  0 c d 
2) for a 2xm contingency table (where m is an integer > 2) 
For an explanatory variable that has categorized into m levels, the size of 
its contingency table will be in 2xm. For m is larger than 2, the crude OR 
can be performed by comparing the reference level with each explanatory 
level one at a time. Take the simply illustration of m=3 and thus two 
contingency tables for level II and level III with comparison to the 
reference level I were constructed. 
Exposure Exposure 
Level Level Level Level 
II 丨 III I 
1 ^ b 1 ^ b ^ Outcome Outcome  
0 C2 d 0 C3 d 
Hence the odds ratio for level II = ajd/bCz and 
the odds ratio for level III = asd/bCa 
by considering level I as the reference level. 
3) for continuous explanatory variables 
Unfortunately contingency table can not be used for the crude OR in 
continuous explanatory variables. While this pitfalls can be overcome by 
performing the univariate logistic regression with specifying the 
explanatory variable type as continuous. 
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(b) By univariate logistic regression 
Applying the characteristics and the specific form of logistic regression model. 
Repeat the three possible situations that based on the type of independent 
variables of (1), (2) and (3) stated above for dichotomous, polytomous categorical 
and continuous independent variables. 
1) for dichotomous independent variables 
Dichotomous independent variables with code of either 1 for present or 0 
for absent. Then the conditional probability of given independent variable 
-7i(l) and 71(0) are illustrated as below (Hosmer & Lemeshow, 1989)-
Independent Variable, X 
x=1 x=0 
exp(a+Pi) exp(a) 
Outcome Y=1 7i(1) = 7r(0)= 
Variable, 1+exp(a+Pi) 1+exp(a) 
Y  
1 1 
Y=0 1-7r(1)= 1-7r(0)=  
1+exp(a+pi) 1 +exp(a) 
督 ; r C l ) Hence the odds ratio, i|/ y/ = ,——— 
冗 W / , � 
According to the previously shown logit transformation that — 
hi ' / X = g{x) 
1 - 7r[x) 
where g(x) = a + fi^x^ +... + Pp^p for p independent x variables 
In here, the univariate analysis of a dichotomous categorical variables, 
g(x) = a + Px and so the log of odds ratio become the logit difference as — 
In ^ = 
Al - Pages 
A2. Statistical Methods 
Therefore log of odds ratio, can be present as the logit difference as above 
where 
= a + and g(0) = I n l - ^ ^ ^ l = a 
So finally the odds ratio in univariate analysis of a dichotomous 
independent variable was the exponential of the coefficient of the logistic 
regression model, i.e. \\f = exp (P) 
2) for polytomous independent variables 
Dummy variables were used with the "reference cell coding" method or 
called the partial method (Hosmer & Lemeshow, 1989), illustrated as 
below. In general for a variable with q levels, q-1 dummy variables are 
needed. 
Example of using 3 Dummy Variables for a 4 levels independent variable. 
Dummy variables 
Independent Variable X D^  D2 D3 
Level I - Reference 0 0 0 
Level II 1 0 0 
Level m 0 1 0 
Level IV 0 0 1 
This is also referred as the indicator contrast. With the same principle as 
in the dichotomous variable of univariate logistic regression -
g(丨evel l-reference) = a + Pii(Di=0) + Pi2(D2=0) + ^13(03=0) 
g(level II) = a + P”(Di=1) + Pi2(D2=0) + Pi3(D3=0) 
g(level III) = a + p”(Di=0) + pi2(D2=1) + Pi3(D3=0) 
g(level IV) = a + Pii(D,=0) + Pi2(D2=0) + p>,s(D^=^) 
Hence the log odds ratio will be: 
In [\\j (level 11，reference) ] = g(level II) - g(level I) = p^ 
In [v|/ (level Ml, reference) ] = g(level III) - g(level I) = P12 
In [vi； (level IV’ reference) ] = g(level IV) - g(level I) = P13 
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Therefore the correspondence odds ratios for level II，level III and level 
rV in comparison of the reference level, level I were the exponential of 
the associated coefficient of the logistic regression model as below -
v|/” = exp (p”），v|/i2 = exp (P12) and vi/13 = exp (P13) 
3) for continuous independent variables 
The odds ratio of a continuous independent variable should be calculated 
with logistics regression by setting the explanatory variable type as 
continuous with the assumption that the logit is linear in the variable. The 
interpretation is for an arbitrary change of “c，，units in the continuous 
variables. 
Hence for the logit difference g(x+c) - g(x) = cp 
Thus the odds ratio for a change of "c" units in x is 
V|/(c) = vi/{x+c, X) = exp (cp) 
If the relationship between the continuous variable and the outcome is 
suspected in a U-shaped rather than in a simple linear proportionate, i.e. 
there is a higher risk for the occurrence of the outcome event (Y=l) for 
those above or below the normal range than those within the normal range. 
Then an extra quadratic term should be included in the model for 
distinguishing the U-shaped (McNeil, 1996). 
• Comparing the two ways for deriving the crude odds ratio in univariate 
analysis -
Despite of the rounding error, the crude odds ratio derived from using 
contingency table and from the univariate logistic regression model (with 
constant term in the model) is the same. 
Once the contingency table was constructed, the crude odds ratio can be obtained 
directly by using the formula derived from the contingency table that stated 
above in section A.2.2.1 (a). The computation is simple and easy, even without 
the aid of computer. On the other hand, for logistic regression model — software 
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or computer programming is required since it involved with iteration method. 
Going back to the section of introducing logistic regression, studying the specific 
form of logistic regression model and recognized that is in a non-linear format 
(see the following plot). The curve is in S-shaped. The maximum likelihood 
method (MLE) is used for the estimation with the logistic regression model that 
yields the values of the unknown parameters that maximize the probability of 
obtaining the observed set of data. 
• The specific form of the logistic regression model -
exp(a+piXi+."+ppXp) 1 
7r(x)= = 
1 +exp(a+pixi+. • +ppXp) 1 +exp(-(a+pixi+. • +PpXp)) 
for p explanatory variables of X 
while 7r(x) is the condition probability that the outcome is present P(Y=1| x). 
Plot of Logistic Regression Curve 
1 1 i 1 1 1 1 1 1 — 
0.9 - -
0.8 / -
0.7 - / -
一。.6- / -
I 
I � . 5 - / -
^ / 
0.4 - / -
0.3 - / -
0.2 - / -
0.1 - -
Q I I I I I i I I  
-5 -4 -3 -2 -1 0 1 2 3 4 5 
2 




» plot (z，p) 
while z= a+PiXi+…+ppXp and Prob.(event) represent 7i(x) 
• This plot illustrates that the logistic regression curve is S-shaped. 
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A.2.2.2 The Multivariate Analysis 
Since there is more than one risk factor and the confounding bias may come arise 
due to the presence of additional determinants that are related to the appearance 
of the outcome. Generalized multivariate model was used to handle this issue, as 
that model can handle several covariates at the same time. 
(a) By multiple logistic regression 
In practice, there are always several explanatory variables. The odds ratios 
derived from the univariate logistics regression models can hardly provide the 
complete illustration of the effect on the outcome variable since those 
explanatory variables are very likely to associate with one another, and may 
affect their influence on the outcome variable. Therefore multivariate logistic 
regression model should be used for a more comprehensive modeling of the data 
and evaluate the statistically adjusted odds ratios for each explanatory variables. 
Multiple logistic regression model - serves for the statistical model with a 
dichotomous outcome and expresses the risk of an event in a linear function of 
the explanatory (predictor) variables. Hence we can use this to determine which 
factors best predict the outcome (Afifi & Clark, 1996). 
But the problem appeals that there are a lot of possible combinations for the 
multivariate models. In here, three approaches were applied — 
1) Construct a multivariable model contains with all the explanatory variables so 
as to provides a complete control of the confounding as much as possible 
within the given data set. 
2) Using the stepwise methods available in SPSS preset option (1999) to choose 
the explanatory variables in the final multivariate logistic regression model: 
• Forward stepwise selection - starts out with a model only contain with 
a constant, then based on the Score statistics with p<0.05 for variable 
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selection while elimination are based on the Wald statistics with 
p>0.10. 
_ Forward likelihood-ratio test - also starts out with a constant model, 
using the same selection criteria as forward stepwise but the 
likelihood-ratio statistics are used with p>0.10 for deleting variable. 
• Backward stepwise elimination — begins with all variables in the 
model, then using the Wald statistics with p�0.10 as criteria for the 
variable removal and using the Score statistics with p<0.05 for adding 
in variable. 
• Backward likelihood-ratio test — also initiates with all variables, same 
as backward stepwise however using the likelihood-ratio statistics 
with p�0.10 for variables removal and the Score statistics of p<0.05 
for added variables. 
3) According to the model-building strategies (Hosmer & Lemeshow, 1989)— 
Considered the crude (unadjusted) odds ratio of each risk factor obtained 
from the univariate logistic regression models as a preliminary analysis. Then 
based on that preliminary result, selected those variables with a p-value less 
than 0.25 in their univariate Wald test and entered them into a multiple 
logistic regression so as to derive a statistically adjusted odds ratio. 
The application of multiple logistic regression 
The log-odds of the multiple logistic regression equation was defined as follows -
In,冗(;)、= cc^ A^i + …+ Pp^p 
1 - 7J;\X) 
for p explanatory variables of X which can be discrete or continuous. 
In order to derive the adjusted odds ratio, same principle as in univariate logistic 
regression model was applied. Hence -
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1. For binary independent variable x^: 
the adjusted OR is the exponential the estimated coefficient of x ,^ i.e. exp(Pb) 
2. For polytomous independent variables x " with n-levels and so required n-1 
dummy variables : 
the adjusted OR of each levels are the exponential of their corresponding 
estimated coefficient, i.e. exp (P^) for 1 < i < n-1 
3. For continuous variable x�，take a change of “c，，unit: 
the adjusted OR is the exponential of the product of “c，，and the estimated 
coefficient, i.e. exp(cPc) 
Note that the subscript used above (b, t and c) were exist within 1 to p in the 
above log-odds equation. 
The fundamental assumption in multivariate logistic regression model is that 
In(odds) is linearly related to the explanatory variables and no assumptions 
regarding the distributions of those explanatory variables. The other assumptions 
of logistic regression include: the subjects are randomly selected and selected 
independently of the others from either a population or a representative sample; 
any influence on a particular X variable is the same for all other X variables 
(Motulsky, 1995c). 
(b) Assessing the model coefficients of explanatory variables 
Once the multiple logistic regression model is constructed, the next step is to test 
whether the independent variables in the model are significantly related to the 
dependent variable. For this assessment, the significant influence on the 
dependent variable can be determined from the corresponding p-values of the 
individual Wald statistics of each independent variable in the final model. 
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The estimated coefficients for the independent variables (3, which is the same as 
“B，，in the SPSS printout, represent the rate of change or slope of the function on 
the dependent variable in per unit change of the corresponding independent 
variables. By strictly adherence type I error (a, alpha) equal to 0.05 level of 
significant with statistical hypothesis that H。： estimated individual coefficient p is 
zero. The individual Wald test for the independent variables -
八 
FF. = ^ “ �a n d the two tailed p-value is P(Z > Wi) which follows the 
standard normal distribution (Z-distribution) (Hosmer & Lemeshow, 1989). 
Notice: There is a slightly difference in the SPSS output - the WALD 
stated in SPSS output is actually the square of the above W^ and the associated p-
value is evaluated under a chi-square distribution. The degrees of freedom for -
• Binary explanatory variable is 1 df. 
• Polytomous explanatory variable with q-level is (q-1) df. for overall while 
there is Idf. for each level 
• Continuous explanatory variable is also Idf. 
(c) Assessing the Regression Model 
1) Once the logistic regression model is derived, the corresponding classification 
table can be used to have a look at how well the predicted outcome classified 
with the observed outcome by a specific cut-off point of p = 0.5, presented in 
the overall correctly predicted rate, the correctly predicted rate for the 
negative outcome and the correctly predicted rate for the positive outcome. 
2) Moreover, to test whether the ‘model includes the variable' tells us more 
about the dependent variable or the 'model without the variable'. We can use 
likelihood ratio test, by subtracting the -2 log likelihood statistics in these two 
models. Then evaluated its p-value under chi-square distribution with degree 
of freedom equal to the difference in the number of explanatory variables in 
these two models. That method should only be used when the two models are 
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nested, i.e. the variables in one model are a proper subset of the variables in 
the second model (Hosmer & Lemeshow，1989). 
3) Furthermore Hosmer and Lemeshow goodness-of-fit test can be used for 
indicating how effective the fitted model described the outcome variable. A 
method of comparison between observed and expected frequency in the two 
categories of the outcome variables based on dividing the estimated 
probability into ten approximately equal groups, using chi-square test with 
eight degree of freedom, defined as follow (Afifi & Clark, 1996). 
2 10 (q V 
Goodness-of-fit x^ = X Z —— with u=8 df 
/=1 y=l Ey 
Hosmer and Lemeshow goodness-of fit approach is used for checking the fit 
of the model that also referred as model calibration, evaluating the model 
performance - judges how well the observed and predicted probabilities agree 
over the entire range of probability values. 
A.2.3 Modeling the Risks 
The risk of the outcome (posterior probability) can be achieved directly from the 
logistic regression equation derived from the logistic regression model provided 
not from a case-control study, assume with equal prior probabilities (Afifi & 
Clark, 1996). 
Pr ob. of event = 
1 + exp[-(a + A^i + …+ PpXp)] 
which is a conditional probability with give p independent variables 
Hence we can use this equation for estimating the probability that an individual 
having a positive outcome event. In addition, based on the known characteristics 
on the explanatory variables to calculate the odds of having a positive outcome 
event by use the equation of Odds = Pr 必(作例,） 
1 - P r ob(event) 
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APPENDIX Ilia - Standardized TCD Report Form used in the 
Prince of Wales Hospital, Hong Kong 
DEPARTMENT OF MEDICINE, PRINCE OF WALES HOSPITAL 
， • Eteolrodiagnoati^ Unit 
Tmnscraiiiai Ooppler Scraaning Projeot 
Pltbist�N«m« I — I TCD No. | 
ID Ma. I : : : : I by [ ….] 
/ Age I : : : : - ] 
W«rd / B*d Ho. I I Data [ : 
f — — N 
History It Physrcal 
Findings : 
DM; DumiJoo: Ritfitopathy: abylmlntfria： 
HTi Duratloni SMOKING: IHOt 
CVA: ypid: H « l g _ _ W 嚇 t ( _ 
Medleatlonsi 
I - .：.... . „ … … . ... … . . — J 
r •…….丨丨， -nnrnn     
TCD F!n dings 
Dopth (mm) P«ak Systoftc Velocity (einfe) Mean V«iocity (cnn^}: 
FtigM L«ft Right Lflft night L#ft 
MCA ~— : I - J -II I 
；AQA I H I I I I Z H I I I — Z Z I 3 I 
PCA . —..……—……：.… ： ..:..—:，—......—.. 
TfCA I ,,,, ... . . . I., ... .. . . ： ‘ 
Ophthaimi^ .   
Siphon P .….. 
V^ft«brai ： ‘； , 
Siasilar ； …… 
1CA ： ：：…— L [ ― . ‘ . 
E C A [二息::�:::..誦I誦...U' ： ：：: — r —..…'....'...'�丄 _ ： 
CCA … : — — - ― … ‘丨丨丨丨丨"丨••�.�'.…•"職[�..丁 1 _]| — 
� .: ：」 ....…  
广 1 V 
Interpretation :    
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A3b. Screening Form - Yuzhou 
APPEDIX lllb - The Standardized Screening Form used in Yuzhou 
河南禹州脑食 管病调査表 
•个人资抖： 调査日稱: (日/片/年) 
姓名: 性别：文口 男口 身份证号码： — 
出生日明: 年龄: 民族: 电话；  
適倍地址及邮浪：— “ 
•生命瓶： • 魏 磁 
体重: kg 奋离: tm 1.仍在吸烟Z戒烟短于3个月 口 
睡 围 咖 ： 一 cm 戒烟多于3个月 口 
体重 ^ ! ^ ^ 腰赞 3.从未吸烟 • 
收缩压： mniHg舒张压： mmHg 
心率： bymio •饮ffi情况： 是口 否 • 
L • 类 ： 白 栖 口 辟 酒 口 葡 萄 酒 • 
•病史： 2.親串: 
糖尿病： • 时间; 3,饮滔 f t : 
离jfiL压： 口 时间： 4.恃续时间r 
苗血脂： • 时问： 5 - 戒酒 • 时间： 
心脏病：提口 否 口 ‘“ 
房躲： • 时间- •目前治疗： 
冠心病/心绞描/心梗：•时间： 药名 剂里 用法 
阻塞性心衷(CHF): • 时 间 ： 1. 
心裙賊病；口 时间L “ 2. 
脑 血 赞 意 外 ： 趕 • 否 • 丄 …， 
脑梗(桂)塞：口 时间^ 4. 
脑出血： 口 对同.二 5. 
SAH: • 时间厂 “ 
TIA; • 时卸： 
• 家 族 史 ： 商 血 压 • 糖 尿 病 • 中 风 • 心 脏 病 • 
•TCD检丧： TCD编号: 
左側 ’右例 
|Dcpth [SV [MV [Depth jSV 丨^ V^ 
CCA i — 
ICA i —— 
MCA I J 
ACA , i f 
PCA Z ^ Z I ; I  
IVBA 丨 丨 丨 I I J 
A4. ICD 9th Revision 
APPENDIX IV — The International Classification Code of Diseases, 
Ninth revision 
DISEASES OF THE CIRCULATORY SYSTEM 
Cerebrovascular disease (430-438) 
430 Subarachnoid hemorrhage 
431 Intracerebral hemorrhage 
432 Other and unspecified intracranial hemorrhage 
433 Occlusion and stenosis of precerebral arteries 
434 Occlusion of cerebral arteries 
435 Transient cerebral ischemia 
436 Acute but ill-defined cerebrovascular disease 
437 Other and ill-defined cerebrovascular disease 
438 Late effects of cerebrovascular disease 
A5. Asian Acute Stroke Advisory Panel 
APPENDIX V - A Prospective Hospital-Based Study in Asia, AASAP 
This study is one of the projects that I have participated during my MPhil study 
under supervised by Dr. K.S. Wong in The Chinese University of Hong Kong. 
AASAP is a recent international study performed in Asia to investigate the 
characteristics in hospitalized stroke patients. This study involved with 10 Asia 
countries with 36 centers participated conducted for a three months period in the 
winter of 1996 to 1997. There was 3670 stroke subjects enrolled with 2403 
(65.5%) ischemic stroke patients, 783 (21.3%) intracerebral hemorrhage cases 
and 114 (3.1%) subarachnoid hemorrhage subjects, while the rest were 
unclassified diagnose or without proper neuroimaging performed. 
This study is conducted for investigated the characteristics among the Asian acute 
stroke patients, used to investigate the country or race effect, and also to 
determine the risk factors for early death in acute ischemic stroke as in Stroke 
1999(30) by Wong. 
A.5.1 Characteristics of All enrolled subjects 
Country Freq. % Race Freq. % Valid % 
China 817 22.3 Chinese 1463 39.9 40.0 
Korea 570 15.5 Korean 570 15.5 15.6 
Taiwan 404 11.0 Indian 410 11.2 11.2 
India 365 9.9 Filipino 353 9.6 9.7 
Philippines 359 9.8 Indonesia 290 7.9 7.9 
Indonesia 299 8.1 Vietnamese 240 6.5 6.6 
Vietnam 242 6.6 Thai 234 6.4 6.4 
Thailand 237 6.5 Malay 88 2.4 2.4 
Singapore 190 5.2 Caucasian 8 0.2 0.2 
Malaysia 187 5.1 TOTAL 3656 99.6 100.0 
TOTAL 3670 100.0 Missing 14 .4 
Table A.5.1 (Left) Number of stroke patients recruited from each Asia counties; 
(Right) Race of those enrolled patients 
A5 -Pagel 
A5. Asian Acute Stroke Advisory Panel 
No. (%) of Patients with No. (%) of Patients 
Ischemic Stroke with ICH 
Characteristic (n=2403) (n=783) 
Mean (SD) age, y 63.7 (13.64) 61.3 (15.02) 
Men 1402 (58.3) 477 (60.9) 
Hypertension 1515 (63.0) 539 (68.8) 
Diabetes 634 (26.4) 81 (10.3) 
Smoking habit 
Current smoker 704 (29.3) 209 (26.7) 
Ex smoker 250 (10.4) 79 (10.1) 
Non smoker 1406 (58.5) 459 (58.6) 
Atrial fibrillation 265 (11.0) 20 (2.6) 
Ischemic heart disease 431 (17.9) 89 (11.4) 
Previous CVA 755 (31.4) 149 (19.0) 
Valvular heart disease 109 (4.5) 10(1.3) 
Prosthetic heart disease 32 (1.3) 3 (0.4) 
Preceding anti-platelet 347 (14.4) 34 (4.3) 
Preceding warfarin 80 (3.3) 8 (1.0) 
Death at discharge 211 (8.8) 233 (29.8) 
Table A.5.2 Clinical characteristics of diagnosed ischemic stroke patients and 
intracerebral hemorrhage subjects (Wong, 1999) 
A.5.2 Country and Race effect on Stroke Subtype 
Notice: only significant terms are shown, * for p < 0.05 and ** for p < 0.01. 
Stroke subtype: 0 - ischemic stroke, 1 - intracerebral hemorrhage. 
When considering the Country effect, CHINA is taken as the reference group, 
while for considering the Race effect, CHINESE is the taken as the referent. 
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Both the unadjusted odds ratio and adjusted odds ratio are computed from the 
logistic regression model. 
COUNTRY Unagusted 950/, c i : C E U n a g 广 
Korea ** 0.33 0.24-0.45 Korean ** 0.38 0.28-0.50 
Singapore ** 0.43 0.27-0.67 Malay * 0.51 0.27-0.95 
Malaysia * 0.59 0.38-0.89 Indian * 0.75 0.57-1.00 
India * 0.71 0.52-0.97 Indonesian ** 1.77 1.28-2.45 
Indonesia ** 1.57 1.12-2.19 Vietnamese ** 1.83 1.32-2.55 
Vietnam ** 1.59 1.12-2.55 Thai** 2.28 1.65-3.15 
Thailand ** 2.09 1.49-2.94 
Table A.5.3 Crude ORs on stroke subtypes by simple logistic regression model: 
(Left) for the Country effect and (Right) for the Race effect 
COUNTRY Adjg^ted 95% RACE Adjgged 950/^  c i 
Korea ** 0.26 0.19-0.37 Korean ** 0.30 0.22-0.41 
Singapore ** 0.44 0.27-0.70 Indian * 0.72 0.52-0.98 
India** 0.62 0.44-0.87 AF ** 0.27 0.16-0.45 
AF ** 0.26 0.16-0.44 P/ Anti-platelet** 0.27 0.18-0.43 
P/ Anti-platelet** 0.28 0.18-0.44 Diabetes * 0.32 0.24-0.43 
DM** 0.32 0.24-0.43 Valvular H. Dis.* 0.42 0.18-0.94 
Valvular H. Dis.* 0.40 0.18-0.92 IHD* 0.74 0.56-0.98 
IHD * 0.74 0.56-0.99 >= 65 yrs old * 0.78 0.64-0.96 
>=65 yrs old * 0.78 0.63-0.96 HT ** 1.55 1.25-1.91 
HT** 1.58 1.28-1.96 Thai** 1.98 1.30-3.02 
Thailand ** 1.93 1.24-3.02 
Table A.5.4 Adjusted ORs on stroke subtypes by multiple logistic regression 
model: (Left) for the Country effect and (Right) for the Race effect 
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A.5.3 Risk Factors for Early Death in ischemic stroke and ICH 
Notice: only significant terms are shown, * for p < 0.05 and ** for p < 0.01. 
Code for hospital discharge stage: 0 - alive, 1 - dead. 
Ischemic 
UnaJl^sted 95%。丨 For ICH U n a �巧 e d 95% 
Stroke OR OR 
India** 0.22 0.09-0.53 Korean ** 0.38 0.28-0.50 
Korea** 0.26 0.14-0.48 Malay * 0.51 0.27-0.95 
Malaysia ** 5.82 3.71-9.15 Indian * 0.75 0.57-1.00 
Thailand ** 6.25 3.79-10.30 Indonesian ** 1.77 1.28-2.45 
Vietnamese ** 1.83 1.32-2.55 
Thai** 2.28 1.65-3.15 
Table A.5.5 Crude ORs on early deaths considering only the country effect: 
(Left) for ischemic stroke patients and (Right) for ICH subjects 
r Ischemic Adjusted por ICH A d j ^ ^ d 9 
Stroke OR OR 
India** 0.19 0.07-0.49 Korea** 0.03 �二 -
Korea ** 0.23 0.12-0.47 Taiwan ** 0.30 0.15-0.62 
P/ Anti-platelet * 0.54 0.29-0.98 India * 0.37 0.17-0.81 
DM* 1.51 1.01-2.27 
AF ** 1.95 1.19-3.17 
IHD ** 2.12 1.37-3.26 
Thailand ** 5.54 2.97-10.35 
Table A.5.6 Adjusted ORs on early deaths considering all explanatory 
variables: (Left) for ischemic stroke patients and (Right) for ICH subjects 
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































A5. Asian Acute Stroke Advisory Panel 
The risk factors for early death of stroke that a higher death rate in Thailand 
while a lower death rate in Korea and India under comparison with China 
(included centers in Mainland China and Hong Kong), while a comparable rates 
among China, Singapore, Taiwan, Vietnam, Indonesia, Malaysia and the 
Philippines. 
Among the ischemic stroke patients, use of anti-platelet before stroke have 
halved the risk of early death, whereas atrial fibrillation, ischemic heart disease, 
diabetes and ex-smoker did the opposite; among ICH subjects, diabetes was 
found associated with increased risk of early death while a protective effective 
found in younger age and hypertension. 
No further discussion or explanation is stated in here for the above results in 
AASAP, as my study aim in this thesis is to investigate the asymptomatic patients. 
For the details of this AASAP study, please refer to (Wong, 1999). 
• Wong, K.S. (1999). "Risk factors for early death in acute ischemic stroke 
and intracerebral hemorrhage - a prospective hospital-based study in Asia." 
Stroke 30: 2326-2330. 
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APPENDIX Va 一 Standardized Data Collection Form used in AASAP 
A PROSFECTIVIE STUDY OF HOSPITALISED ACUTE STROKE PATIENTS IN ~ 
NINE ASIAN COUNTRIES 
Oiganfsed by the Asian Acute Stroke Advisory Pane! (AASAP) «he support of an educatfonai grant from UCB 
Pharma. ….. 
DATA COLLECTION FORM 
.Country - Dfab^t^ M_.us 
1. Yes 2. NO 
• Hospital 9. CJthefs (specify)^  _丨.,••….丨 
« Hospital Type 1. Prrvatd 2. Public - JHypariipidomia {by hSsiory, or tataf choiffftarof > 2X)Cm^df} 
Others i.saedfvl 1. Yes 2. Na 
3 . N a t dorses 
• N e u r o l o g i s t ' s Name ，. Others  
• Prior S 的ke/TlA 
4. Hospital Rcf 1.、钱 么 Mo 
9. O i h w s (spcc i fy)   
• Patjeflt'3^ MitiaNt - Cm anti-ptaieiet prior to stroke (Aififftn* mtofifim，,邮ynoamote� 
1. Y e s 2, Mo 
• Age (vfearsi _ 9. Othara (specify)  
-On ^nti-coagi/iants prior to stroke 
• Sex 1. Male 2. Female 1. Yes 2. No 
9, Others jspecifvl  
• Race 1. CTMn^se Z, mislay 3. India n - A trial FibrHistmn (t>y h^tc^r or £CO} 
4. Thai 5, FiEipmo 6. Korean 1- Yes 2‘ hfo 
7, Native a, Caucasian 9' 0;h<^’& fSiS«<itv‘i  
9. Others (specify) - j^irQw/c H&srt D/sease (ty Msiaty} 
1. Y e s 2, No 
• Stroke Subtype Others (specify)  
f:nfarct 2. SAH - Rh^ttmatic^Other Vafvuhr H^a^rt Dlsa-aso (t,ypfi/sicai axaminiffaf^) 
3. ICH 4. UEt<»rtain 1 Yes 2. Na 
9, Others I'soedfvl 9. Others (specify：'  
.i^ euroiiTiagmg done - prasthetfc Heart Vafve 
1, CT 2, MRl only t . Yes 2，No 
CT and MRi 4. Nane 3. Cfeers (specify] — 
9, O t h e r s • L c n g d i of s t a y in h o s p i t a l d a y s 
. R i s k f a c t o r s • D i s c h a r g e d t o 
.Hypertensfon 1 ‘ Home 2. Rchabrlitadon H如pital 
Yiis 2. No 3. Wtirsing Hcir.e 4. Another Hospital 
9, Others {specify} Others (spt^ ify)  
• Smoking 
1. Current smokcr/slopped < 3 mths ago • Status at time of hospital di&char^e 
2. SJappcd smolcing > Z mths ago Al've D<rad 
Non-smoker i Olhcns fipcciry：.  
9. (soccify)  
A6. Contributed Papers 
APPENDIX VI 一 Contributed in Published Papers 
1 Wong, K.S. (1999). “Risk factors for early death in acute ischemic 
stroke and intracerebral hemorrhage - a prospective hospital-based study 
in Asia." Stroke 30: 2326-2330. 
2 Wong, K.S.; Mok, V.; Lam, W.W.M.; Kay, R.; Tang, A.; Chan, Y丄.；and 
Woo, J. (2000). "Aspirin-associated intracerebral hemorrhages: clinical 
and radiological features." Neurology 54: 2298-2301. 
Risk Factors for Early Death in Acute Ischemic Stroke and 
Intracerebral Hemorrhage 
A Prospective Hospital-Based Study in Asia 
K.S. Wong, MD, for the Asian Acute Stroke Advisory Panel 
Background and Purpose~~In Asia, there has been no international study to investigate the risk factors for early death in 
patients with ischemic stroke and intracerebral hemorrhage. 
Methods—We conducted a prospective study of consecutive patients with acute stroke who were admitted to 36 
participating hospitals in China, India, Indonesia, Korea, Malaysia, the Philippines, Singapore, Taiwan, Thailand, and 
Vietnam. With the use of a simple identical data sheet, we recorded the demographics and cardiovascular risk factors 
of each patient. Early death was defined as death on discharge from the acute hospital. 
Results一We enrolled 2403 patients with ischemic stroke and 783 patients with intracerebral hemorrhage. Among patients 
with ischemic stroke, previous use of antiplatelet drugs (adjusted odds ratio [OR] 0.53; 95% confidence interval [CI] 
0.30 to 0.95) and relatively young age group 56 to 75 years (OR 0.65; 95% CI 0.42 to 1.00) were protective factors; 
atrial fibrillation (OR 2.23; 95% CI 1.40 to 3.57), ischemic heart disease (OR 2.03; 95% CI 1.37 to 3.05), diabetes (OR 
1.52; 95% CI 1.04 to 2.22), and ex-smoker status (OR 2.18; 95% CI 1.18 to 4.05) were risk factors for early death. 
Among patients with intracerebral hemorrhage, hypertension (OR 0.56; 95% CI 0.38 to 0.82) and young age group 56 
to 75 years old (OR 0.55; 95% CI 0.34 to 0.87) were associated with lower death rate, whereas diabetes (OR 1.74; 95% 
CI 1.01 to 2.98) was a risk factor for early death. 
Conclusions一In Asian patients with stroke, previous use of antiplatelet drugs nearly halved the risk of early death in 
patients with ischemic stroke, whereas atrial fibrillation, ischemic heart disease, diabetes, and ex-smoker status were risk 
factors for early death. Among patients with intracerebral hemorrhage, diabetes was associated with early death, whereas 
young age group and hypertension were associated with lower death rates, though no clear explanation for the 
hypertension association could be discerned from the data available. {Stroke. 1999;30:2326-2330.) 
Key Words: antiplatelet agents • hypertension _ intracerebral hemorrhage • mortality 
• risk factors • stroke, ischemic 
Stroke is one of the leading causes of death in the world. but limited data are available. We sought to investigate the 
In Asia, the problem of stroke has a particularly strong risk factors for early death in patients with ischemic stroke or 
impact, not only because more than half of the world's intracerebral hemorrhage (ICH) by performing a prospective 
population lives in Asia, but stroke is the predominant international hospital-based study of consecutive patients 
vascular disease in many parts of Asia.i In 1990 alone, the with acute stroke in Asia. 
World Health Organization estimated that there were 2.1 
million people who died of stroke in Asia.^  The burden of Subjects and Methods 
stroke is l ikely to increase subs tant ia l ly in the fu tu r e b e c a u s e The Asian Acute Stroke Advisory Panel consisted of a group of 
of the ag ing popula t ion . A p a r t f r o m i m p l e m e n t i n g e f f ec t ive neurologists who were interested in the study of acute stroke in Asia. 
+ 1 . , .-r- .. r ^^ For 3 months in 1996 to 1997, each participating hospital enrolled s t roke p reven t ion p r o g r a m s , iden t i f i ca t ion of fac tors associ - . ‘. ‘ . . ' , , , ^ i ^ ^ ^ consecutive patients with acute stroke who were admitted within 1 
ated wi th m o r e severe s t roke m a y he lp to ease the b u r d e n of week of onset of symptoms. Participating hospitals were located in 
this c o m i n g ep idemic . China, India, Indonesia, Korea, Malaysia, the Philippines, Taiwan, 
Desp i te the impor t ance o f s t roke in As ia , there h a v e b e e n Thailand, Singapore, and Vietnam (Figure). The names of the 
very f e w prospec t ive in ternat ional s tudies o f s t roke wi th in participating hospitals and the collaborators are listed in the Appen-
t h k rpmnn Stroke is a hpteroapnemiq d isease Tschemic and ^ix. To ensure quality data, the coordinators of each country were 
this region. St roke is a h e t e r o g e n e o u s disease, s chemic an d experts on stroke in their own countries, and most of the participating 
hemorrhagic strokes are the 2 mam types o f stroke, w i t h very hospitals were affiliated with local medical schools. We defined 
different pathogenesis and outcome. Ideal ly, the r isk factors acute stroke as "rapidly developing clinical signs of focal (or global) 
fo r dea th in each type of s t roke shou ld be s tud ied separate ly , disturbance of cerebral function, with symptoms lasting 24 hours or 
Received May 17, 1999; final revision received August 16, 1999; accepted August 16, 1999. 
Correspondence to Dr Ka Sing Wong, Department of Medicine and Therapeutics, The Chinese University of Hong Kong, Prince of Wales Hospital, 
Shatin, Hong Kong. E-mail ks-wong@cuhk.edu.hk  
© 1999 American Heart Association, Inc. 
Stroke is available at http://www.strokeaha.org 
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Hanok i ^ TABLE 1. Clinical Characteristics of Enrolled Patients With 
\ f f t ^ Acute Stroke 
Calcutta \ Seoul  
Gavha t iW ^T^r^i^Incheon No. (%) of No. (%) of 
\ \ \ 1 —Pnc.n Patients With Patients With 
j r ^ ^ P u s a n Ischemic Stroke ICH 
— Taiwan Characteristic (n二2403) (n=783) 
B h a v r i a g ^ -Hong Kong Mean (SD) age, y 63.7 (13.58) 61.3(15.02) 
Z Z M I f t ； ^ ^ — a Men -02(58.3) 477(60.9) 
Madras/ Bangkok Hypertension 1515(63.0) 539(68.8) 
Kirmmptir Diabetes 634(26.4) 81 (10.3) 
-Jakarta Smoking habit 
Geographic distribution of hospitals that participated in the Current smoker 704 (29.3) 209 (26.7) 
study in Asia. Ex-smoker 250(10.4) 79(10.1) 
Nonsmoker 1406(58.5) 459(58.6) 
longer or leading to death, with no apparent cause other than of Atrial fibrillation 265(11.0) 20(2.6) 
vascular origin," according to the World Health Organization crite- … 一 〜 „„ ,“ ‘、 
ria. We used a standardized data sheet to record the demographic Ischemic heart disease 431 (17.9) 89 (11.4) 
variables including country, race, sex, and age. History of hyperten- Previous cerebrovascular disease 755 (31.4) 149 (19.0) 
sion, diabetes mellitus, stroke or transient ischemic attack, ischemic Valvular heart disease 109 (4 5) 10 (1.3) 
heart disease, valvular heart diseases, and rheumatic heart disease . 
were also noted. We defined hypertension as a previous record of at Prosthetic heart disease 32 (1.3) 3 (0.4) 
least 2 blood pressure readings of >160/90 or the requirement of Previous antiplatelet treatment 347 (14.4) 34 (4.3) 
regular intake of antihypertensive drug(s)^We defined diabetes as p^ious warfarin 80 (3.3) 8 (1.0) 
having a fasting plasma glucose level or >7.8 mmol/L (140 mg/aL), 
a random glucose level of >11 .1 mmol/L (200 mg/dL), or the Death at discharge 211 (8.8) 233 (29.8) 
requirement of regular hypoglycemic drugs. Because in many Asian 
countries the primary health care and screening program f o r cardio-
vascular risk factors were not as advanced as in the developed j3-coefficient might be transformed as adjusted ORs for each 
countries, some patients with hypertension and diabetes were not independent factor, which indicated the magnitude of the risk factor 
diagnosed before stroke. Therefore patients who required regular use effect. A logistic regression model determined the factors that might 
of antihypertensive agents and hypoglycemic agents on discharge significantly influence early death. All probability values shown 
from the hospital (excluding the acute-phase changes) were also were based on the Wald test. In both univariate and multivariate 
regarded as hypertensives and diabetics. Atrial fibrillation w a s analyses, ORs with 9 5 % confidence intervals (CIs) were used to 
defined by a positive history or the presence of atrial fibrillation on estimate the effects of each factor on the discharge status after stroke 
the ECG during hospital stay. History of ischemic heart diseases admission. The independent variables included demographic vari-
included previous known myocardial infarct and angina according t o ables: age (classified into 3 groups as < 5 5 years old, 56 to 75 years 
the patient's medical record. History of cerebrovascular diseases old, and > 7 6 years old) and sex. Other risk factors were entered as 
included old stroke and transient ischemic attack. Patients were categorical data. All statistical analyses were performed with the 
regarded as a nonsmoker if they never smoked, as an ex-smoker if SPSS 8.0 package, with statistical significance at 0.05 (2-sided), 
they stopped smoking for > 3 months, and as a current smoker if they 
still smoked within the last 3 months. Current regular uses of R e s u l t s 
antiplatelet drugs or warfarin preceding the indexed stroke were also ”， „ j，,，^ ^ ^^ j - n o 
noted. Because aspirin consulted >99% of antiplatelet agents used We enrolled 3670 patients. The mean age was 62, and 2138 
in Asia (personal communications among members of our study patients (58%) were male. The ethnic composit ion o f the 
groups), we decided not to register the names of other antiplatelet patients w i th stroke consisted o f 1463 (40%) Chinese, 570 
agents used in order to keep the data sheet simple. On discharge from (igo/。）Koreans, 410 (11%) Indians, 353 (10%) Fi l ipinos, 290 
raUve' ^ s ：^ ^ = 二 ^ Indonesians, 240 (7%) Vietnamese，234 (6%) Thais 88 
variable for statistical analysis. Because a history of previous stroke (2%) Malays, and 8 white subjects. Patient characteristics tor 
could be a potential risk factor for early death and inclusion of type o f stroke are summarized in Table 1. CT or M R I scans 
recurrent stroke better reflected the true impact of stroke, patients were performed in 93% o f patients. 
with a history of stroke or transient ischemic attack were also Accord ing to our classification, 2403 patients had ischemic 
included ^  
stroke types were classified into ischemic stroke, ICH, subarach- stroke, 783 had ICH, 114 patients had SAH, and 370 had 
noid hemorrhage (SAH), and uncertain stroke type. Either computed uncertain stroke type. Patients w i th S A H or uncertain stroke 
tomography (CT) or magnetic resonance imaging (MRI) scan of the type w e r e exc luded from fu r the r analysis. Case fatal i ty fo r 
brain was required for the diagnosis of ischemic stroke and intrace- ischemic stroke was 8.8% and for ICH, 29.8%. Death 
r^ bral^ and SAH. Patients : i t hou t ntur?imag3 inves，ati?ns were (median 6 days) after 
classified as having uncertain stroke type. Statistical analyses in- u � � u i i c u a 上 “ j v . • / ^ 
eluded only patients with neuroimaging that did not show SAH. admission for ischemic stroke and 7.3 days (median 3 days) 
for ICH. The estimated ORs for early death obtained among 
S t a t i s t i c a l A n a l y s e s patients w i th I C H and patients w i th ischemic stroke, together 
Separated statistical analyses were performed for ischemic stroke w i th the 95% CIs and probabi l i ty values, are shown in Table 
a n d ICH. Univariate analysis was & s t performed with demographic 之 In summary, a m o n g pat ients wi th i s chemic stroke, pr ior 
characteristics and the risk factors of stroke by cross-tabulations with „ . , , , , , r- “ i ^ nco/ /^ t a ta 
义 or Fisher's exact tests for the unadjusted odds ratios (ORs). Then, use o f antiplatelet drugs before stroke (OR 0.53; 95% C I 0.30 
a logistic multiple regression model was used^ because its to 0.95) and relatively younger age group 56 to 75 years (OR 
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TABLE 2. Risk Factors for Early Death Among Ischemic Stroke and ICH 
Ischemic Stroke (n=24Q3) ICH (n=783) 
Unadjusted OR Adjusted OR Unadjusted OR Adjusted OR 
(95% CI) P (95% CI) P (95% CI) P (95% CI) P_ 
Age, y 
^55 0.60 (0.39-0.92)t 0.02t 0.78 (0.46-1.34) 0.37 0.65 (0.42-1.02)t 0.06t 0.62 (0.37-1.04) 0.07 
56-75 0.71 (0.50-1.00)t 0.06t 0.65(0.42-1.00) 0.05 0.61 (0.40-0.92)t 0.02t 0.55 (0.34-0.87) 0.01 
>76 1.00 1.00 1.00 1.00 
Sex 
Male 0.82 (0.62-1.09) 0.17 0.72 (0.48-1.08) 0.11 0.82(0.60-1.12) 0.21 0.78 (0.52-1.67) 0.23 
Female 1.00 1.00 1.00 1.00 
Hypertension 1.06 (0.79-1.43) 0.69 1.01 (0.69-1.49) 0.95 0.64 (0.46-0.88) 0.01 0.56 (0.38-0.82) 0.003 
Diabetes 1.40 (1.04-1.90) 0.03 1.52 (1.04-2.22) 0.03 1.32 (0.82-2.14) 0.26 1.74 (1.01-2.98) 0.05 
Smoking habit 
Current smoker 1.00 1.00 1.00 1.00 
Ex-smoker 1.98 (1.26-3.12)t O.OOSf 2.18(1.18-4.05) 0.01 1.22 (0.70-2.15)1 0.49t 1.20 (0.63-2.27) 0.58 
Nonsmoker 1.05 (0.75-1.47)t 0.76t 1.29 (0.79-2.09) 0.30 1.06 (0.74^1.53)t 0.74t 0.83 (0.53-1.29) 0.41 
Atrial fibrillation 2.41 (1.67-3.47) <0.000 2.23 (1.40-3.57) 0.001 3.29 (1.31-8.28) 0.01 2.69 (0.92-7.93) 0.07 
Ischemic heart disease 2.14(1.56-2.93) <0.000 2.03 (1.37-3.05) 0.001 1.07(0.66-1.72) 0.78 1.16(0.67-1.99) 0.60 
Previous cerebrovascular 0.79 (0.58-1.09) 0.15 1.08 (0.70-1.64) 0.74 0.92(0.62-1.37) 0.67 0.92 (0.54-1.55) 0.76 
disease 
Valvular heart disease 2.20 (1.30-3.72) 0.003 1.72 (0.83-3.52) 0.14 3.54 (0.99-12.68) 0.07* 1.89 (0.37-9.68) 0.44 
Prosthetic heart disease 2.42 (0.92-6.38) 0.08* 0.43 (0.09-2.10) 0.30 t t t t 
Previous antiplatelet 0.79 (0.49-1.27) 0.32 0.53 (0.30-0.95) 0.03 0.48(0.20-1.19) 0.11 0.42 (0.13-1.32) 0.14 
treatment 
Previous warfarin 1.63 (0.80-3.33) 0.18 1.60 (0.60-4.21) 0.35 3.96 (0.94-16.71) 0.04 1.64 (0.27-9.87) 0.59 
treatment  
*By Fisher's Exact test. 
卞By Fisher's Exact test, with approximation of Woolf. 
^Prosthetic heart disease was excluded from the logistic multiple regression model in ICH because of the small number of cases. 
0.65; 9 5 % C I 0.42 to 1.00) were pro tec t ive factors, whereas Discussion 
atr ial f i b r i l l a t i on ( O R 2.23; 9 5 % C I 1.40 to 3.57) , i schemic I n general, the r i sk factors fo r ear ly death after acute stroke i n 
heart disease ( O R 2.03; 9 5 % C I 1.37 to 3.05), diabetes ( O R A s i a m i r r o r those i n Europe and N o r t h Amer i ca . For exam-
1.52; 9 5 % C I 1.04 to 2.22) , and ex-smoker status ( O R 2.18; p ie, e lder ly and diabet ic pat ients have a u n i f o r m l y h igher 
9 5 % C I 1.18 to 4.05) were independent r i sk factors fo r ear ly death rate regardless o f the type o f stroke i n As ia. The 
death. A m o n g patients w i t h I C H , hyper tens ion ( O R 0.56; det r imenta l ef fects o f diabetes on the outcome o f cerebrovas-
9 5 % C I 0.38 to 0.82) and younger age group o f 56 to 75 years cular disease are i n accord w i t h prev ious reports that diabetics 
( O R 0.55; 9 5 % C I 0.34 to 0.87) were s ign i f i cant protect ive have poorer ou tcome after stroke and coronary artery disease 
factors, whereas diabetes ( O R 1.74; 9 5 % C I 1.01 to 2.98) was than nondiabetics.5—7 Th is observat ion m a y have impor tan t 
a r isk factor fo r early death. imp l ica t ions . For ftiture est imat ion o f the burden o f stroke m 
A post hoc subgroup analysis was pe r f o rmed to invest igate e lder ly and diabet ic patients, i t w o u l d be impor tan t to take 
, M . 1 . 1 . 1 . D i n t o a c c o u n t t h e e x c e s s i v e m o r b i d i t y a n d m o r t a l i t y r a t e s o t 
whether there were reg iona l d i f ferences i n death rates. Be- , . — . , . �丄 � i 广1 . J 1 ‘ r , ‘ 丄 these patients. The ag ing popu la t ions and the escalat ing cause China p rov ided t h e largest number o f p a t i e n t s i n the , ^ i . . . , , • _ , �P J 1 . . number o f diabetes i n As ia add more s igni f icance to our 
data set, Ch ina was used as the reference group m the observat ions 
mul t i var ia te analysis i nc lud ing demographics and r i sk fac- o 丨 = 二 w i t h ischemic stroke, our data show that atr ia l 
tors. A m o n g patients w i t h ischemic stroke, Ko rea ( O R 0.23; fibrillation and ischemic heart disease are independent r isk 
950/0 C I 0.11 to 0.46) and Ind ia ( O R 0.19; 9 5 % C I 0.07 to factors for early death. A m o n g d i f fe ren t types o f ischemic 
0.49) had s ign i f i cant ly l owe r death rates, whereas Tha i l and stroke，cardioembol ic stroke tends to be more severe.^ I n 2 
( O R 5.30; 9 5 % C I 2.86 to 9.84) had s ign i f i can t ly h igher death populat ion-based studies i n Rochester and i n F ramingham, 
rates. A m o n g patients w i t h I C H , Ko rea ( O R 0.03; 9 5 % C I the ORs for stroke death were 1.7 and 2.0 fo r pat ients w i t h 
0.00 to 0.23) and Ind ia ( O R 0.42; 9 5 % C I 0.19 to 0.92) had atr ia l f ibr i l lat ion.^- io The magn i tude o f the hazard associated 
s ign i f i cant ly l ower death rates, whereas Tha i l and ( O R 2.27; w i t h atr ial f i b r i l l a t i on is s imi la r to our data, w h i c h show an 
9 5 % C I 1.11 to 4.63) had s ign i f i can t ly h igher death rates. O R o f 2.23. The concurrence o f our results w i t h results from 
Wong Risk Factors for Early Death in Acute Stroke 2S29 
studies i n other populat ions further strengthens the external l im i ted resources, we d id not record these variables in our 
va l id i ty o f our study. data sheet. 
Our data also suggest that ex-smokers have a higher A post hoc subgroup analysis showed that patients i n 
mor ta l i ty rate compared w i t h that o f current smokers. W e Thai land had s ign i f icant ly h igher death rates, whereas pa-
suspect that there are confound ing variables such as ma l ig - tients in Korea and Ind ia had s igni f icant ly lower death rates 
nancy and chronic lung diseases that m igh t p rompt patients to irrespective o f the stroke type. These findings should be 
stop smoking. The presence o f comorb id i ty may be the cause v iewed w i t h caut ion because the cr i ter ia for hospital admis-
o f the increased mor ta l i ty rates. W h e n we reclassify patients sion were d i f ferent i n d i f ferent countries. For example, the 
as "never-smoker" or "ever-smoker , " there is no di f ference i n Sir iraj Hospi ta l i n Tha i land is a center o f excellence for stroke 
mor ta l i ty rates between these 2 groups (OR 0.97; 95% C I and therefore m igh t attract patients w i t h more severe stroke 
0.64 to 1.48). from other parts o f Bangkok. These differences, however, 
One important f i nd ing o f this study was the observation should not overshadow the s imi la r i ty o f death rates among 
that pr ior use o f antiplatelet drugs, ma in ly aspir in, nearly China, Indonesia, Malays ia, the Phi l ippines, Singapore, Tai-
halved the r isk o f early death among patients w i t h ischemic wan, and Vietnam. 
stroke. The benef i t o f antiplatelet drugs in the secondary There are several l imi ta t ions o f this study. Because this 
prevent ion o f stroke and cardiovascular diseases is n o w was a hospital-based study, patients w i t h m i l d stroke who d id 
f i r m l y established, u However , ischemic stroke may st i l l not report to a hospital may have been excluded. However , 
occur i n patients tak ing regular antiplatelet drugs. In this our f indings o f some o f the w e l l - k n o w n prognost ic factors 
group o f patients, i t remains uncertain whether prophylact ic such as atrial f ib r i l l a t ion are s imi lar to other populat ion-based 
use o f aspir in reduces the severi ty o f subsequent stroke. I n studies. There also may be dif ferences in the admi t t ing 
other c l in ica l situations in wh i ch acute arterial occlusion pol ic ies among di f ferent par t ic ipat ing hospitals. In some 
occurs, aspir in has been shown to abate the c l in ica l manifes- hospitals, patients w i t h I C H were admit ted to the surgical 
t a t i o n . ' 2 In cerebrovascular disease, Grotta and c o l l e a g u e s ' ^ wards. We tr ied to overcome this p rob lem by attempting to 
showed that patients who had a stroke wh i le tak ing aspir in include al l patients w i t h stroke in d i f ferent departments that 
tended to have a less severe stroke. Recently, Karepov and we were able to trace. Stroke registries, nevertheless, have 
colleagues''^ observed a 34% reduct ion i n r isk o f early death contr ibuted substantial ly toward our understanding o f stroke, 
among 2113 patients w i t h ischemic stroke. A l though the r isk Other l imi tat ions inc luded lack o f detai led c l in ica l in forma-
reduct ion o f early death was not statist ical ly s igni f icant i n this t ion o f ind iv idua l patients. For the ind iv idua l patient, the best 
study, only 125 (6%) patients were tak ing aspir in and thus the predictors for early death relate to the size and locat ion of 
interpretation m igh t be subject to a type 2 error. I n our cerebral hematoma or infarct. Depressed level o f conscious-
A A S A P Stroke Registry, 347 (14%) patients were tak ing ness and severe neurological defici ts are wel l -documented 
aspirin. W i t h improved statistical power, our data conf i rmed poor prognostic f a c t o r s . T h e s e variables, however, merely 
the protect ive effect o f aspir in i n reducing the r isk o f early ref lect the effect o f stroke and provide l im i ted in format ion on 
death. Another important di f ference was that i n Karepov and the stroke mechanism. Risk factors such as diabetes and atrial 
colleagues' study, only 78% o f patients had C T scans done. f ib r i l la t ion may provide better insight into the under ly ing 
Patients w i t h I C H could have been inc luded in the analysis, cause o f stroke in ind iv idua l patients. 
probably d i lu t ing the benef i t o f aspirin. In contrast, our The strength o f this study is the prospective design, 
analysis only inc luded those patients w i t h neuroimaging un i fo rm data acquisi t ion fo rm, and the abi l i ty to collect a 
examinations. The mechanism o f the protect ive effects of large number o f patients w i t h i n a short t ime. More impor-
aspirin is presumably related to its antiplatelet effect. Inhib- tant ly, > 9 3 % o f patients w i t h stroke had conf i rmatory C T or 
i ted platelet aggregation may reduce thrombus format ion and M R I scans. Thus we were able to l i m i t the analysis to those 
propagation, result ing in a smaller bra in infarct. Moreover , patients w i t h neuroimaging wh i le retaining statistical power 
there has been recent interest i n the neuroprotect ive effects of to ident i fy important r isk factors for early death among 
aspirin on ischemic b r a i n . p a t i e n t s w i t h hemorrhagic and ischemic strokes separately. 
A l though ischemic stroke outnumbered I C H by 3 to 1， Subsequently, the observed statistical associations are robust, 
there were more deaths in the patients w i t h I C H (233 vs 211 In summary, our data suggest that prophylact ic use of 
deaths) because o f the h igh death rate o f ICH . Our data antiplatelet drugs before stroke reduce the r isk o f early death 
suggest that hypertension is associated w i t h s igni f icant ly in patients w i t h ischemic stroke. This benefi t complements 
lower morta l i ty rates in patients w i t h ICH. This f ind ing is the mount ing evidence in support o f the use o f antiplatelet 
in t r igu ing and has not been we l l documented in the literature. drugs for patients at h igh r isk o f ischemic stroke. Advanc ing 
I t is l ike ly that nonhypertensive patients had other under ly ing age, diabetes, and atrial f ib r i l la t ion are not only risk factors 
causes such as amy lo id angiopathy or occult a n g i o m a , 1 7 for stroke but are r isk factors for more severe stroke. A m o n g 
wh ich migh t be more severe and cause worse outcomes. This patients w i t h I C H , young age group and hypertension were 
observation needs to be repl icated in future studies, wh ich associated w i t h lower death rates, though no clear explanation 
should include more detailed in format ion regarding the b lood for the hypertension association could be discerned from the 
pressure levels, types o f ant ihypertensive drugs taken, data available. More important ly , our study shows that i t is 
whether b lood pressures were acutely lowered, and evidence feasible to conduct a mult icenter study on stroke in As ia w i t h 
o f end-organ damage from long-standing hypertension. Be- very l im i ted resources. This may lay the foundat ion for 
cause this study was the f i rst o f its k i n d in this region and w i t h further col laborative study o f stroke in this region. 
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Aspirin-associated 
intracerebral hemorrhage 
Clinical and radiologic features 
KS, Wong, MD; V. Mok, MRCP; W.W.M. Lam, FRCR; R. Kay, MD; A. Tang, BSc; 
Y丄. Chan，FRCR; and J. Woo, MD 
Article abstract—(}6iec^iue; To identify the clinical and radiologic features of intracerebral hemorrhage (ICH) in aspirin 
users. Background: Although the benefits of aspirin outweigh its hemorrhagic risks for patients at high risk of vascular 
diseases, prolonged use of aspirin is associated with an increased risk of ICH. Methods: The authors enrolled consecutive 
patients with acute stroke who were admitted to a regional hospital from 1993 to 1998 into a stroke registry. From this 
registry, they identified all stroke patients who had ICH confirmed by CT scan and then selected those taking regular 
aspirin before ICH as the study group. For each study patient, they selected the immediate next two patients with ICH 
but not taking aspirin as controls. Results: The authors identified 58 aspirin users and 1193 nonusers among all patients 
hospitalized for ICH. From the group of nonusers, they selected 116 patients as controls. The locations of the hematoma 
were different ip = 0,002)，with more lobar hematoma in the aspirin group (32,8%) than in the control group (10.3%). 
Prior cerebrovascular disease was the reason for taking aspirin in 37 (64%) patients but five patients had prior ICH. 
Conclusions: The propensity for lobar hematoma in aspirin-associated ICH suggests its pathology may be somewhat 
different from spontaneous ICH among nonaspirin users. Further research to examine the risks and benefits of aspirin 
use in certain subgroups at risk of both thrombotic and hemorrhagic events is needed. Key words: Antiplatelet agents-
Cerebral hemorrhage—Intracerebral hemorrhage—Cerebral amyloid angiopathy. 
NEUROLOGY 2000;54;2298-2301 
Antithrombotic agents are used extensively for the provide insights into its mechanism and may help to 
treatment and prevention of stroke. However，agents design clinical studies to improve the risk-benefit 
that inhibit the thrombotic process also increase the ratio of aspirin. Unlike warfarin-associated ICH,9 
risk of intracerebral hemorrhage (ICH). For exam- there has not been a detailed description of the clin-
ple, the most feared complication of thrombolytic ical and radiologic features of aspirin-associated ICH 
therapy for acute ischemic stroke and of the chronic in the English literature. We examine the features of 
use of warfarin for atrial fibrillation is hemorrhage aspirin-associated ICH in comparison with ICH in 
into the brain. For patients at high risk of vascular nonaspirin users. 
disease, the benefits of aspirin far outweigh the risk 丄 j ; ! � , • .. „, , …TT p . , . . Methods, This study was performed m a community-
of hemorrhage.^^2 However’ use of aspirin is associ- based teaching hospital located at the New Territories in 
ated with about 1 excess ICH m 1000 patients Hong Kong. We did not have stroke patients referred from 
treated.3-^ As a result, there are suggestions that pa- other hospitals for acute management. We reviewed a pro-
tients with high risk of ICH, such as Asians and spectively conducted stroke registry for consecutive pa-
hypertensive patients with low cholesterol level, tients admitted with acute stroke from January 1,1993 to 
should not be treated with aspirin.'^ Understanding December 31, 1998. This registry enrolled consecutive 
the characteristics of aspirin-associated ICH may acute stroke patients who were admitted to a large re-
Froffi the Departments of Medicine & Therapeutics (Drs. Wong, Mok, Kay, Tang and Woo), and Diagnostic Radiology & Organ Imaging (Drs. Lara and Chan), 
the Chinese University of Hong Kong, Shatia, Hong Kong SAR. 
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ra&fe 1 Intracerebral hemorrhage patient characteristics in relation to aspirin used 
Variables Aspi r in group (n = 58) Control group (n 116) p Value 
知e，y=^ 71 (42-92) 69 (29-98) 0,18 
Men，n(%) 32 (55) 66(57) 0.83 
Medical history, n (%) 
Hypertension 45 (78) 53 (46) <0.001 
Diabetes 19 (33) 31(27) 0,43 
Cerebrovascular disease 38 (66) 15(13) <0.001 
Cardiac disease 21 (36) 17 (15) 0.001 
At r ia l fibrillation 6 5 
Other 15 12 
Ever smoker, n (%) 22 (38) 41 (35) 0.77 
Blood pressure on admission* 
Systolic 169 (110-232) 175 (65-258) 0.20 
Diastolic 92 (60-130) 96 (35-146) 0.14 
Premorbid Modified Rankin (>1), n (%) 13 (22) 9 (8) 0.007 
Hematoma locations, n (%) 
Basal ganglia 21 (36) 55 (47) 0.002$ 
Cerebral cortex 19 (33) 12 (10) 
Occipital 4 2 
Parietal 8 6 
Frontal 7 3 
Temporal 0 1 
Posterior cranial fossa 9(16) 16(14) 
Cerebellum 8 9 
Pontine 1 7 
Thalamus 9 (16) 33 (28) 
Hematoma size, m L t 17.5 (0,13-175.0) 13.3 (0.21-168.75) 0.23 
Intraventr icular extension, n {%) 19 (33) 37 (32) 0.91 
Level of consciousness, n (%) 
Alert 29(50) 60(52) 0.82§ 
Drowsy 19 (33) 33 (28) 
Comatose 10 (17) 23 (20) 
Case fatality, n (%) 16 (28) 24 (21) 0.31 
* Mean (range). 
T Median (range), 
i By t-test 
§ By Mann-Whitney U test. 
gional hospital. Each morning, a stroke nurse examined all quirement of regular antihypertensive drugs. We defined 
hospital admissions and identified patients admitted for diabetes as having a fasting plasma glucose level of more 
acute stroke within 7 days of onset. Each patient's sex, than 7.8 mmol/L, a random glucose level of more than 11.1 
age, medical history, and current medications were re- mmol/L, or the requirement of regular hypoglycemic drugs, 
corded. We defined acute stroke as "rapidly developing From this registry, we identified all patients with ICH. 
clinical signs of focal (or global) disturbance of cerebral The diagnosis of ICH required the presence of intracere-
function, with symptoms lasting 24 hours or longer or bral hematoma on a CT scan of the head. We excluded 
leading to death, with no apparent cause other than of patients with hemorrhagic transformation of cerebral in-
vascular origin" according to the World Health Organiza- farcts, patients who had ICH within a week of ischemic 
tion criteria. History of hypertension, diabetes mellitus, stroke, or if CT scan was not done. In our hospital, nearly 
stroke or TIA, and cardiac diseases (including atrial fibril- all stroke patients had CT scan examination within 24 
lation and ischemic heart diseases) was sought and noted. hours; therefore, misdiagnosis of hemorrhagic transforma-
We defined hypertension as previous record of at least two tion of an infarct as ICH should be minimal. Hemorrhages 
blood pressure readings of more than 160/90 or the re- associated with trauma or brain tumor were also excluded. 
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We also excluded pat ients on w a r f a r i n t rea tment . We de- Table 2 Indications for taking aspirin (n = 58) 
t e rm ined the status of asp i r in users or nonasp i r in users a t — 
the t ime w h e n pat ien ts ' deta i ls were entered in to the Indications Number (%) of patients 
stroke registry^ We regarded aspirin users as those who C e r i o ' ^ l a r disease — ^ 
require long-term use of aspirin for prevention of cardio- . 
vascular diseases. Patients who did not require long-term Ischeimc stroke=« 26 
use of asp i r in were regarded as nonasp i r in users, even Intracerebral hemorrhage 5 
though they might take occasional aspirin-containing com- Stroke of unknown type 2 
pounds. We took the following steps to ascertain the intake ^lA 4 
or nonintake of aspirin before the index ICH: 1) history 
from pa t ien t or a re la t ive on admission; 2) posit ive ident i - ischemic heart disease 14 (24) 
fication of asp i r in tablets among the cur ren t medicat ions Atr ial fibrillation 3 (5) 
brought in by patient or a relative; and 3) written evidence Primary prevention 4 (7) 
of regular prescription of aspirin on the medical records of ••• 
ambula to ry care or hosp i ta l notes. We d id not test u r ine * 'Two patients wi th ischemic stroke and one patient with TIA 
for asp i r in or i ts metabol i tes. had atrial f ibril lation as well. 
Ideally, a cohort study design should be used. However, 
a cohort study would require much more resources than 
were available to us. Therefore, we opted for a less labor- among- the current medications brought in by them. In four 
intensive case-control design. For each patient with patients the history of aspirin intake could not be corrobo-
aspirin-associated ICH, we selected the next two patients rated by additional physical evidence. The clinical charac-
with ICH who were not taking aspirin as eontrok The CT teristics and the radiologic features of the studied patients 
scans of the aspirin users and the controls were reviewed are summarized in table 1. There was no difference in sex 
systematically by a qualified radiologist who was blinded or age between the aspirin group and the controls. History 
to the clinicai details. The locations of the hematoma were f^ hypertension, cerebrovascular disease, or cardiac dis-
classified into basal ganglion, thalamus, lobar, posterior ®ase was significantly more frequent in the aspirin group, 
cranial fossa, and caudate. If there was more than one The difference remains significant after adjustment for 
hematoma, we took the location of the hematoma that sex, age，and other risk factors in a multivariate analysis, 
corresponded to the presenting symptoms. The volume of The location of the hematoma was significantly differ-
the hematoma was estimated by means of the ABC/2 ent between the two groups, mainly because lobar hema-
method.10 The locations of previous cerebral infarcts or toma was much more common in the aspirin group than 
hemorrhage according to the medical records and previous 让� controls test p = 0.002). In addition, there was a 
CT scans (if present), were also noted. Case fatality in- nonsignificant trend for patients in the aspirin group to 
eluded any death within the first 30 days after ICH. have a larger hematoma (median 17.5 mL versus 13.3 mL) 
Statistical analysis. Statistical analysis was per- and higher case fatality (27.6% versus 20.7%). There were 
formed with SPSS 8.0 and GraphPad InStat 3.00. Bivari- four patients who had more than one hematoma. All four 
ate analysis comparing the demographic characteristics, patients were in the nonaspirin group. The locations of the 
medical history, admission status，and CT results was principd hematoma (secondary hematoma) were: occipital 
done between ICH patients with and without aspirin. (cerebellum), parietal (temporal), thalamus (basal gan-
These crude associations for the qualitative factors were glia), and frontal (parietal). 
assessed by the preliminary cross-tabulations with the x^  Characteristics ofpatients with aspirin-associated !CH. The 
test. For the quantitative variables,力-test was used for mean dosage of aspirin was 118 mg (range 75 to 300 mg) 
comparing the normally distributed variables, and for the daily and the median duration of aspirin treatment was 15 
skewed distributed variables, Mann-Whitney U test was months (range 1 to 120 months). Thirty-seven patients 
applied. The differences were considered significant at a (63‘8%) were given aspirin for the management of prior 
value ofp < 0.05. Multivariate logistic regression was used cerebrovascular disease (table 2). The specific diagnoses of 
to perforai the odds ratio for aspirin-associated ICH after Prior cerebrovascular diseases included 26 ischemic 
adjusting for age. sex, medical historv of hypertension, strokes，5 ICH, 2 unknown types, and 4 TIA. For the 
diabetes, previous cerebrovascular disease，cardiac dis- patients who had prior ICH, aspirin was not given on 
ease, smoking, and premorbid disability. All variables discharge from the hospital but was later started by pri-
were entered in a regression analysis simultaneously with- mary care physicians, who were probably unaware of the 
out stepwise exclusion of any variables. stroke type. Among 26 patients who had previous ischemic 
stroke, the sites of ICH were different from the previous 
Results. There were 1251 patients admitted with ICH infarcts in 20 patients (77%), the same in 1 patient, and 
from 1993 to 1998. Among these patients, 58 were aspirin unknown in 3 patients. Among five patients with prior 
users and 1193 were nonusers. We selected 116 nonaspirin ICH, the sites of the new ICH were different in three 
users as controls. In 54 aspirin users (93%), there was patients (from parietal lobe to putamen; from left putamen 
additional physical evidence of aspirin intake apart from to right putamen; from occipital lobe to frontal lobe) and 
history from the patient or a relative. We found written the same in two patients (both in the left occipital lobe), 
evidence of repeated aspirin prescriptions in 46 patients: Twenty patients took aspirin for cardiac disease and four 
45 f r o m p a t i e n t s ' m e d i c a l records a n d 1 from n u r s i n g h o m e P a t i e n t s for primary p r e v e n t i o n , 
records. The average number of aspirin, prescriptions was 
7 (range 1 to 20). In eight patients, we could not retrieve Discussion. Our data do not establish the causal-
medical records but were able to positively identify aspirin ity of aspirin in the development of ICH among the 
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aspirin users. The best evidence to prove that aspirin we need further research to examine the risk-ben-
is an independent factor of the development of ICH efit ratio of aspirin use in certain subgroups at risk 
is randomized control trial and meta-analysis of such of both thrombotic and hemorrhagic events, such as 
trials. A number of randomized trials and meta- those with cerebral amyloid angiopathy, 
analyses indicate aspirin is associated with in-
creased risk of ICH.4 '�u However, randomized 
control trials and meta-analyses do not provide de- Re fe rences 
tailed clinical and radiologic features of individual [ Antiplatelet Trialists' Collaboration. Secondary prevention of 
patients. The aim of our study is to supplement the vascular disease by prolonged antiplatelet treatment. BMJ 
currently available data by describing the clinical 1988:296:320-331. 
and radiologic features of ICH in aspirin users. 2, Antiplatelet Trialist^ Collaboration Collaborative overview of 
, f . 丄1 1 上 . . . randomised trials of antiplatelet therapy—I: prevention ot 
i he locations Ot tlie hematoma m the aspirin us- death, myocardial infarction, and stroke by prolonged anti-
ers differ significantly from those of nonusers. This platelet therapy in various categories of patients. BMJ 1994; 
difference is primarily produced by the higher num- 308:81-106. , , ^ . . , , 
ber of patients with lobar hematoma among the aspi- i f g b i l S f s l f 
rin users. The proportion of lobar hemorrhages 4. He J, Whelton PK, Vu B", Klag MJ. Aspirin and risk of hemor-
varies from 19% to 47% among different reported rhagic stroke: a meta-analysis of raadomized controlled trials. 
se r ies? Therefore, it is important to compare the „ M'lA 1998;280:1930-1935, ^ . ^ “ 
1. 1 丄. 1 ‘ . . 5. Kronmal RA. Hart RG. Manoho TA, Talbert RL, Beauchamp 
distribution of hemorrhages m aspirin users with a J^ JJ, Newman A. Aspirin use and incident stroke in the cardio-
control group in the same population. In the aspirin vascular health study. CHS Collaborative Research Group. 
users, 32% of ICH are lobar hematoma，compared Stroke i998;29:S87-8k. 
witVi rvn1v in thp nnna^^ninTt nqprs Thp di佈r- The Medical Research CounciFs General Practice Research Wltil only iU/o m me nonaspirm users, m e miter Framework. Thrombosis prevention trial: randomised trial of 
ences in the distribution, of hemorrhages are highly low-intensity oral anticoagulation with warfarin and low-dose 
significant. Our observation is concordant with the aspirin in the primary prevention of ischaemic heart disease 
excessive lobar hematoma in patients with myocar- 产 ^^  men at increased risk Lancet 1998;351:233-24L 
1 . ^ ,, 1 , , f -pr. / ,. 7. Steering Committee of the Physicums Health Study Research 
dial infarction who are treated with. W thrombolytic Group. Final report on the aspirin component of the ongoing 
agents. In the GUSTO-1 trial, 77% of the 244 ICH Physicians，Health Study. N Engl J Med 1989;321:129-135. 
patients had lobar hematoma. ^ ^ In an overview of 8. Mayo NE, Levy AE, Goldberg MS. Aspirin and hemorrhagic 
war^arin.SOciat，d =H，30% of ICH were located in , 叩 Oral anticoagulants and 
the lobar region.^ Unlortunately, none OI these re- intracranial hemorrhage. Pacts and hypotheses. Stroke 1995; 
ported series include a control group for comparison. 26:1471-1477. 
To our knowledge, this is the first report of d i s p r o - 瓜 Broderick JP, Brott TG Grotta JC Intracerebral hemorrhage 
, T o . . - . J t ^ t t • 4.1. volume meastirenient. Stroke 1994;25:lu81. 
portionate location of aspirm-associated ICH in the Hart E G , Benavente 0，Pearce LA. increased risk ofintracra-
lobar region. nial hemorrhage when aspirin is combined with warfarin: a 
The propensity for lobar hematoma may provide meta-aBalysis and hypothesis. Cerebrovasc Dis 1999;9:215-
insisrhts into the potential mechanism of aspirin- � -^  ,, , td 广 . i f + . , r 
. ‘ t T^ TT n X r�TT . J 12. Kase C. Caplan LR. Clinical features at different sites. In: 
associated ICH. Spontaneous ICH is mostly caused Kase C: Caplan LR, eds. Intracerebral hemorrhage. Newton, 
by chronic hypertension and usually located at tlie MA： Butterworth-Heinemann, 1994:305-308. 
basal ganglia. For cerebral hemorrhage located 13. Gebel JM, Sila CA, Sloan MA, et al Thrombolysis-related 
mainly m the lobar areas, vascular a b n c ^ a l i t y such = r ^ ! ? S � r S ; = S = S r = : S 
as amyloid angiopathy and occult angioma should be 29:563-569. 
considered." Amyloid angiopathy tends to affect 14. CapJan LR. Intracerebral haemorrhage. Lancet 1992;339: 
Older patients,- s imi to to our patients, ^ d some g ^ ^ g SM. Cerebral amyloid 肌卿athy: prospects for 
investigators suggest it may be associated with clinical diagnosis and treatment. Neuroiog^ ^ 1998;51:690-694. 
thrombolysis-associated ICH.I:"良口 Recent studies 16. Leblanc R, Haddad G, Robitaille Y. Cerebral hemorrhage from 
have shown that hemosiderin deposit as shown on amyloid angiopathy and coronary thrombolysis. Neurosurgery 
g r a d i e n t echo M E I m a y be a m a r k e r o f a m y l o i d ang i - n . Penewxck JL, Robertson DM. Fatal 
opathy.i�’is At the conclusion of this study, we asked Streptokinase-induced intracerebral haemorrhage in cerebral 
all survivors in the aspirin group to be examined by amyloid angiopathy. Can J Neurol Sd 1990;17:336-341. 
gradient echo MRI for evidence of hemosiderin de- 18. Green berg ‘SM’ Finklestdn SP, Schaefer PW. Petechial hem-
b , „ n ^^^ r , . orrhages accompanying lobar hemorrhage： detection by 
posit. Seven patients agreed and all of them had gradie°it-echo MRI. Neurology 1996;46:1751-1754. 
evidence of microhemorrhages at sites other than 19. Petty GW, Brown RDJ, Whisnant JP’ Sicks JD, O'Fallon WM, 
previous ICH. Further prospective studies are Wiebers DO. Frequency of major complications of aspirin, 
n P A r l p d t n t h f ^ h v n o t h p ^ i s t h a t r p r p h r a l a m v l o i d w a r f a r i n , a n d i n t r a v e n o u s h e p a r i n f o r s e c o n d a r y s t r o k e p r e -needed to test the Hypothesis ma t ceremai amyioia mention. A population-based study. Ann intem Med 1999;130： 
angiopathy is a risk lactor 01 aspinn-associated iLJi. 14-22. 
Although the benefit of aspirin outweighs the 20. McMahan DA, Smith DM, Carey MA，Zhou XH. Risk of major 
hemorrhagic risk in randomized clinical trials，the hemorhage『。『^ {^『【^！^!^ ®^ treated with warfarin. J Gen In-
hemorrhagic risk may be higher in routine clinical ？二 =J9，監二s—siLskv J. Mechanisms of second and 
p r a c t i c e . P a t i e n t s with prior ICH also have a sub- further strokes. J Neurol Neurosurg Psychiatry 1998;64;771-
stantial risk of recurrent hemon^hage.^^ Therefore, 776. 
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